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physiological  occurrences  which  never  make  their  appearance  in 
the  nonnal  course  of  life  .  .  .  It  is  an  interlinking  of 
.  events  the  like  of  which/*  he*  adds,  "coidd  never  enter  into  the 
mind  of  the  present  day  physiologists/'  It  was  as  a  clinician, 
therefore,  with  the  aid  of  all  collateral  data  he  could  collect,  in- 
cluding those  afforded  by  physiology,  besides  personal  laboratory 
work  in  anatomy,  histology  and  biochemistry,  and  his  current 
work  as  a  practitioner,  that  the  author  reached  the  conclusions 
submitted. 

In  the  present  edition  the  author  adduces  evidence  showing 
that  physiologists  have  independently  confirmed  what  seemed 
at  one  time  almost  heretical  views,  viz.,  conceptions  of  functions 
either  diflfering  totally  from  those  generally  taught  in  text- 
books of  physiology,  or  which  so  far  had  remained  wholly  ob- 
scure. The  far  reaching  meaning  of  these  conceptions,  pre- 
cisely where  practical  medicine  has  failed  to  decrease  mortality, 
may  be  illustrated  by  a  few  examples : — 

The  great  function  of  pulmonary  respiration,  even  as  now 
taught  in  texi^books  and  schools,  had  been  found  defective  for 
over  fifiy  yearsi  by  several  leading  physiologists  when  the  pres- 
ent work  first  appeared ;  but  none  had  discerned  the  true  proc- 
ess. The  author  pointed  out  that  it  was  the  secretion  of  the 
adrenals  which  took  up  the  oxygen  of  the  air  in  the  lungs  and 
thus  caused  haemoglobin  to  be  converted  into  oxyhsemoglobin. 
Physiological  experiments  by  others  fully  confirmed  this  con- 
clusion. Briefly,  the  adrenals  proved  to  be  the  organs  which, 
through  their  secretion,  enabled  the  venous  blood  to  be  converted 
into  arterial  blood.  Have  we  not  in  this  the  very  soul  of  all 
functions,  normal  and  pathological  ?  Indeed,  it  became  evident 
that  the  adrenals  not  only  sustained  life  as  fundamental  organs 
of  pulmonary  respiration,  general  oxygenation  and  metabolism, 
but  also  that  they  took  a  direct  part  in  the  processes  that  pro- 
tect life.  Cellular  oxygenation  determining  the  activiiy  of 
cellular  function,  and  our  defensive  enzymes,  antibodies,  etc., 
being  cellular  products,  do  not  fluctuations  of  the  functional 
activity  of  the  adrenals,  which  govern  oxygenation,  correspond- 
ingly influence  defensive  efficiency  ? 

Such  being  tlie  case,  we  should  be  able  to  govern  our  de- 
fensive functions,  if,  through  our  drugs,  we  could  influence  the 
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activity  of  tiie  adrenals.  In  tlie  first  edition,  Uie  author  showed 
that  several  reniediea  produced  their  beneficial  effet^te  by  stimu- 
lating thpse  organs.  One  of  our  most  familiar  drugs,  stryeh- 
iiine,  for  instance,  was  one  of  tiiese.  Hecently,  Stewart  and 
Bogoff  found  exjierimentally  that  therapeutic  doses  of  stryeh- 
niuG  actually  eansed  a  marked  and  lasting  increase  in  the  pro- 
duction of  the  adrenal  secretion.  Do  we  not  possess  in  this 
action — and  this  applies  to  other  familiar  remedies — a  fulcrum 
through  which  we  can,  at  will,  influence  disorders  of  metab- 
olism in  which  oxygenation  is  deficient?  Its  use  in  the  con- 
valescence of  influenza  and  many  other  di&ordere  clearly  illus- 
trates this  fact 

Yet  oxygenation  represents  but  one  phase  of  metabolism, 
i.e.,  of  cellular  activity,  through  which  our  defensive  resources 
are  influenced.  The  thyroid  apparatus  was  also  shown,  in  the 
first  edition,  to  take  an  active  part  in  our  defensive  functions 
as  &  component  of  the  systemic  antitoxins  or  alexins,  besides 
participating  in  Uie  catabolic  phase  of  general  metaboliBm. 
This  view  haa  likewise  been  coniirmed  by  various  European 
experimenters.  Here  again,  we  find  ourselves  in  the  presence 
[  of  a  systemic  opponent  of  disease  quite  within  our  pharmaco- 
logical control. 

Long  has  it  be^i  known,  that  wh^i  all  else  fails  in  most 
chronic  processes,  the  iodides  will  prove  beneficiaL  Is  not 
every  one  today  familiar  with  the  fact  that  it  is  by  enhancing 
the  functional  activity  of  the  thyroid  apparatus,  that  iodine 
and  the  iodides  produce  their  curative  effecte? 

These  few  examples  among  tlie  many  that  could  be  sub- 
mitted, serve  but  to  indicate  tlie  vast  horizon  that  the  first  edi- 
tion of  the  present  work  opened  for  tlie  development  of  clinical 
medicine  to  the  level  of  a  science  worthy  of  the  name  (the 
Ecienee  that  preventive  medicine  is  growing  to  be)  particularly 
in  the  field  of  therapeutics.  If  any  one  doubts  the  need  of 
development  in  this  direction,  he  has  but  to  acquaint  himself 
with  the  actual  status  of  the  one  branch  of  clinical  medicine 
through  which  the  practitioner  is  expected  to  relieve  suifering 
and  cure  the  sick. 

At  the  dawn  of  the  present  eentun-,  one  of  our  foremost 
clinicians,  Llewellys  F.  Barker,  of  Johns  Hopkins,  wrote  tliat 
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therapeutics  was  moribund;  eight  years  later  Sollmaim,  our 
foremost  pharmacologist,  wrote  "at  present  it  cannot  be  classed 
as  an  art  nor  as  a  science;  it  can  only  be  classed  as  a  con- 
fusion.'* Today  tlierapeutics  has  been  virtually  eliminated 
from  the  curricula  of  practically  all  our  larger  medical  schools. 

Wliat  this  means  does  Jiot  seem  to  have  been  apprehended 
by  those  upon  whom  rests  the  responsibility  of  deciding  such 
questions.  They  overlook  the  fact  that  by  allowing  therapeutics 
to  disappear  from  the  list  of  subjects  taught  they  are  insuring 
the  doom  of  medicine  itself.  Indeed,  even  empirical  therapeu- 
tics, that  of  the  day,  is  at  least  based  on  vast  experience  and 
observation,  and  affords  material  relief  in  suffering  and  often 
saves  life.  Virtually  deprived  of  this  knowledge  by  medical 
echools,  graduates  of  the  future  will  increasingly  realize  that 
their  livelihood  will  no  longer  be  earned  honestly,  unable  as 
they  will  find  themselves  to  meet  the  needs  of  those  who,  grant- 
ing them  unmerited  confidence,  will  appeal  to  them  for  medical 
aid.  Honorable  men  will  increasingly  abandon  a  career  so  little 
in  keeping  with  their  true  aims,  leaving  the  field  open  to  the 
unscrupulous^  the  Christian  Scientist  and  cults  of  all  kinds. 
The  phenomenal  development  of  all  such  in  recent  years  em- 
phasizes already  what  the  future  has  in  store,  if  legitimate 
therapeutics  is  allowed  to  die. 

It  was  with  due  reser^'e  that  nearly  two  decades  ago  the 
author  submitted  the  opinion  that  it  was  because  the  internal 
secretions  were  overlooked  in  disea^  and  therai)eutics  that  the 
latter  was  losing  its  hold.  Ue  urged  that  tlie  immense  aggre- 
gate of  pharmacological  and  clinical  knowledge  liad  not  been 
accumulated  in  vain,  and  that  therapeutics  lacked  only,  when 
carefully  co-ordinated  and  analyzed,  the  light  that  the  internal 
secretions  would  cast  upon  it,  to  remove  it  definitely  from  the 
field  of  empiricism.  Today,  sustained  by  the  authority  of 
mature  practical  experience  and  analytical  study  of  the  whole 
field  of  medicine  equaled  in  scope  by  no  living  man,  the  author 
has  no  hesitation  in  reiterating  not  only  this  assertion  but  what 
he  likewise  stated  at  tlie  time,  that  it  iras  through  the  inter- 
mcdiary  of  the  intertuU  secretions,  that  most  of  our  remedies, 
chemiral  and  physiraJ,  i)rodiu:ed  their  curative  effects. 

It  is  not  tlirough  organotherapy  that  therapeutics  can  be 
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pliu-ftl  where  it  rightly  Ijelongs.  Organic  extracts  ii  fact  are 
but  the  shadows,  oft4^u  imperfect  aiid  sometimes  ii  of  tlie 

ductless  glands  they  are  supposed  to  represent.  Thi  ,  are,  how- 
ever, Bcrving  a  useful  purpose  in  that  tliey  are  i  ing  at 
least  an  insight  into  the  manner  tn  wliich  the  endocri  i        i 

disease  eitlier  morbidlij  or  benefirwllt/.     In  corjui  ,i 

tlie  diseases  of  tlie  endocrius  themselves,  Graves's,  Adi  etc., 

organotherapy  is  only,  as  viewed  by  the  author,  oue  i  mj 

sources  of  information  capable  under  careful  scrut  f  fur- 

nishing malerialB — bricks  -id  mf"^°- — for  tli"  (iual  ooration 
of  a  medical  edifice   wo  i — a  meuieiue   from 

which  guesswork  and  em  "^  '";  I.       ihed. 

The  initial  efforts  i  .„.   reaching 

purjioee  were  suhmitt«d  i  ,v  oresent  work 

and  developed   in   the  bi  i — ^/k,    St  and  in- 

ereasin^j',  as  previously  la  o,.t  that  the 

autlior's  conceptionfi  con  i  En.  y        pillars  are 

iM-ing  placed — unwittingly  er  uie  eui        ne  then  ten- 

tatively erected. 

The  present  or  nintli  ')eside8  reviewing  the  present 

status  of  tlie  physiology  n  crins,  the  various  diseases  to 

which  they  are  liable,  ana  ineir  role  in  the  niciitji!  dclicieiiciea 
of  children,  all  as  interpreted  by  tlie  author,  also  takes  up  the 
subject  of  organotherapy.  The  one  hundred  pages  devoted  to 
this  subject,  however,  portrays  the  experience  of  others,  i.e.,  of  a 
large  number  of  clinicians.  All  this  experience,  analyzed  by  the 
author,  will  enable  the  reader  to  grasp  readily  the  modvs 
operandi  of  the  glands  in  many  diseases,  and  prepare  him  for 
the  contents  of  the  second  volume  in  which  all  processes  con- 
cerned are  fathomed  more  deeply. 

The  second  volume,  built  upon  the  foundation  started  by 
the  first,  portrays  the  manner  in  which  the  endocrina  elucidate 
our  understanding  of  disease  and  therapeutics.  The  simpler 
principles  of  drag  action  are  illustrated  by  the  fifty  most  im- 
portant remedies  in  use;  while  their  application  in  practice, 
with  the  endocrins  as  intermediaries  is  e.xplained  with  the  aid  of 
thirty-five  of  those  of  our  major  diseases  which  most  clearly  are 
inSuenced  by  the  endocrins.  Important  in  tliis  connection  is 
the  fact  that  we  are  not  dealing  with  a  transformation  of  ap- 
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plied  medicine.  Indeed,  knowledge  of  the  endocrine  as  inter- 
preted by  the  author,  does  not  impose  upon  the  trained  physi- 
cian the  necessity  of  unlearning  what  he  has  acquired  through 
hard  study  and  practical  experience;  it  adds  to  that  knowledge 
and  enlianees  his  efficiency. 

The  ninth  edition  also  introduces  a  new  feature  in  this 
connection.  The  author,  during  the  years  he  has  studied  endo- 
crinology has  found  the  introduction  of  the  endocrine  in  the  con- 
sideration of  disease  particularly  lielpful  in  certain  disorders. 
These  are  reviewed  succinctly  in  a  supplement  at  the  end  of 
tlie  second  volume.  The  list  includes  some  diseases  which,  in  so 
far  as  mortality  is  concerned,  have  no  peer:  influenza,  arterio- 
sclerosis and  senile  pneumonia,  for  instance — all  interpreted  and 
treated  on  newer  lines.  Diseases  of  the  mind,  dementia  pre- 
cox in  particular,  which  sends  thirty  thousand  of  our  children 
to  asylums  each  year,  are  also  shown  in  many  instances  to  de- 
pend, in  part,  upon  functional  disorders  of  the  endocrin  glands 
and  to  be  influenced  favorably  by  remedies  or  measures  which 
influence  tliese  organs. 

The  autlior,  in  fact,  does  not  hesitate  to  attribute  to  the 
absence  of  the  endocrins  in  the  pathology  of  most  mental  dis- 
eases much  of  the  unfavorable  therapeutic  results  that  psychi- 
atrists, notwithstanding  most  faithful  and  far  reaching  efforts, 
have  encountered.  And  this  may  be  said  to  apply  to  practically 
all  diseases  met  in  ever}^-day  work  which  have  so  far  defeated 
our  efforts. 

In  closing,  the  author  wishes  again  to  urge  that  knowl- 
edge of  the  functions  of  the  internal  secretions  and  of  their 
influence  in  practice,  in  so  far  as  pathogenesis,  diagnosis,  and 
therapeutics  are  concerned,  may  be  regarded  as  the  most  con- 
structive asset  ever  bestowed  upon  internal  medicine  by  the 
thousands  of  clinicians  and  investigators  who  have  given  it  the 
benefit  of  their  endeavors.  Endocrinology  sacrifices  nothing  of 
what  w^e  actually  know ;  it  adds  to,  and  elucidates  all  we  know, 
and,  on  tlie  whole,  it  appeals  to  our  highest  aims,  the  relief  of 
human  suffering. 

Chaeles  E.  db  M.  Sajous. 

Philadelphia,  Sept.  1,  1920. 


PREFACE   TO    THE   EIGHTH    EDITION. 


AuTHODOU  the  last  edition  of  the  present  work  waa  pab- 
lislied  tess  than  two  yeare  aj^,  a.  new  edition  has  b«!(x)mti  necc^- 
eary  owing  to  the  vast  amount  of  labor  contributed  to  tiie  study 
of  the  internal  eecretions  during  the  last  two  years  by  the  pro- 
fession at  large.  NotwithstanJing  this  widespread  serutiuy  into 
the  scientific  aspects  of  the  subject,  the  author  ia  pleased  to  note 
that  the  views  formulated  by  himself  in  preceding  editions  con- 
cerning the  functions  of  tlie  ductless  glands  are  increasingly 
being  sustained  by  the  researches  of  other  investigators  and 
clinicians.  Even  some  of  tlie  apparently  unwarranted  con- 
clusions submitted  as  far  back  aa  1903,  such  as  the  presence  of 
the  adrenal  principle  in  the  nen'oiis  elements,  the  joint  partici- 
pation of  the  various  ductless  glands  in  the  immimizing  func- 
tions of  the  body,  the  identity  of  tlie  adrenal  system  as  that 
I  upon  which  shock,  fright,  etc.,  react,  the  identity  of  leucocytes 
intermediaries  for  the  transmission  of  digestive  ferments  to 
the  tissue  cells  and  blood  for  defensive  purposes,  etc.,  have 
received  sufficient  and  independent  support  to  warrant  tJieir 
early  adoption  as  fixed  facts. 

In  the  present  edition  much  of  the  introductory  matter 
submitted  in  preceding  editions  as  foundation  for  the  views 
introduced  has  been  replaced  by  the  application  of  these  views 
to  the  practical  field.  Thus,  tiie  pathogenesis  of  exophthalmic 
goiter  and  goiter  no  longer  remains  within  the  field  of  con- 
jecture when,  with  the  writer,  the  cause  of  these  disorders  is 
not  restricted  to  a  single  factor, — whetlier  water  borne,  auto- 
intoxication, etc, — but  to  a  multiplicity  of  factors,  all  of  which 
can  provoke  a  defensive  reaction  of  the  thyroid  apparatus,  with 
hyperplasia  of  the  thyroid,  besides,  in  exophthalmic  goiter,  a 
systemic  reaction.  A  logical  foundation  for  successful  treats 
ment,  including  newer  measures  recently  introduced,  operative 
removal,  etc.,  are  thus  afforded.  The  vast  subject  of  mental 
deficiency  in  childhood,  including  that  witnessed  in  backward 
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children,  shown  recently  to  include  20  per  cent,  of  the  pupils 
of  our  public  schools,  is  another  notable  addition.  The  intimate 
causal  relationship  of  the  thymus  gland  in  this  connection  is 
introduced  not  only  as  an  elucidative  factor,  but  as  the  founda- 
tion for  a  rational  use  of  organotherapeutic  agents.  The  part 
played  by  each  of  the  various  ductless  glands  in  idiocy  and  the 
stigmata  indicating  deficiency  of  each  of  these  organs  have  also 
been  introduced  with  the  same  end  in  view.  The  prophylaxis  of 
mental  deficiency  is  another  new  feature  of  the  present  edition. 
The  mother  and  infant  are  shown  to  be  the  fruitful  field  for 
protective  measures,  ue.,  before  the  plastic  brain,  of  the  offspring 
has  had  time  to  develop  abnormally. 

The  subject  matter  of  the  work  has  also  been  revised  and, 
where  deemed  of  interest  to  the  reader,  enriched  with  newer 
facts.  Among  these  subjects  may  be  mentioned  the  chromaflSn 
system,  the  functional  relationship  between  the  kidneys  and  the 
adrenal  system,  and  the  internal  secretion  of  the  former.  The 
generative  glands  of  both  sexes  are  studied  from  a  new  stand- 
point, both  as  regards  the  functions  of  their  internal  secretions 
and  the  influence  of  the  ductless  glands  on  sex  characteristics. 
The  section  on  organotherapy  has  also  been  revised,  the  sub- 
jects which  are  now  receiving  attention,  corpus  luteum  and 
pituitary  products,  having  been  practically  rewritten. 

C.   E.   DB  M.   Sajous. 


2043  Wai-nut  Street, 
Philadei^hia. 
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CHAPTEE  L 

THE  ADBENALS  IN  CLINICAL  PATHOLOGY 

AND  THERAPEUTICS. 

SIMILARITT  OF  THE  EFFECTS  OF  REMOVAL  OF  THE  ADRENALS 
IN  ALL  VERTEBRATES,  INCLUDING  MAN. 

Browx-S^quard,*  in  1856,  demonstrated  the  physiological 
importance  of  the  suprarenal  capsules  by  showing  that  removal 
of  these  organs  from  animals  was  soon  followed  by  death.  To 
offset  the  conclusions  of  Phillipeaux  and  Gratiolet,  who  ascribed 
death  to  secondary  involvement  of  the  central  nervous  system, 
he  extended  his  researches,^  and  showed,  first,  that  transfusion 
of  blood  taken  from  a  normal  animal  into  a  dying,  decapsulated 
animal  brought  the  latter  to  life,  and,  second,  that  the  blood 
of  a  dying,  decapsulated  animal  was  poisonous  to  another  decap- 
sulated animal,  the  life  of  the  latter  being  shortened  by  eight 
hours  as  compared  to  the  average  longevity  of  other  animals 
similarly  mutilated. 

A  certain  degree  of  antagonism  to  Bro\\Ti-Sequard's  con- 
clusions long  prevailed  among  a  limited  number  of  investigators, 
who  ascribed  death  in  animals  from  which  both  adrenals  had 
been  extirpated  to  surgical  shock — a  view  apparently  sustained 
by  the  close  relationship  that  exists  between  these  organs  and 
the  svm pathetic  svstem.  That  such  mav  be  the  case  under  some 
circumstances:  i.e.,  the  use  of  an  animal  debilitated  by  starva- 
tion or  rough  handling,  lack  of  dexterity  in  the  extirpation  of 
the  organs,  is  to  be  surmised;  but,  when  all  features  that  tend 
to  compromise  the  issue  are  absent,  there  is  not  the  least 
ground  for  the  view  that  shock  is  the  cause  of  death  in  decap- 
sulated animals.  As  shou-n  by  Langlois,^  no  marked  symptoms 
usually  occur  during  the  first  twenty-four  hours.     The   fatal 


*  BrowD-S^quard:     Comptes-Rendus  de  TAcad^mie  dea   Sciences,   vol.   xvlll, 
1856. 

*  Brown-S^uard:     Journal  de  Physiologic,  vol.  I,  1858. 

«  LangloU:    Archives  de  Physiologic  norm,  et  path.,  vol.,  1897. 
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issue  is  not  immediate;  and  in  frogs,  rabbits,  guinea-pigs,  and 
dogs  the  post-operative  life  varies  from  an  average  of  forty 
hours  in  mild  weather  to  twelve  or  thirteen  days  in  the  hiber- 
nating frog  in  winter.  In  a  series  of  fifty-nine  rats  from  which 
Boinet*  removed  both  adrenals,  four  lived  several  months. 
Some  evidence  of  shock  should  have  appeared  in  at  least  a 
small  proportion  of  the  operated  animals.  Not  only  was  this 
not  the  case,  but  the  fact  that  in  four  of  them  the  prolongation 
of  life  was  found  to  have  been  due  to  accessory  or  compensa- 
tory organs  demonstrates  the  weakness  of  the  shock  hypothesis 
as  the  main  cause  of  death  in  decapsulated  animals.  Further- 
more, the  average  symptomatology  of  post-operative  life  in 
various  species — inco-ordination,  muscular  weakness  or  excite- 
ment, and  tremors;  then  paralysis  of  the  hind-quarters,  with 
gradual  involvement  of  the  trunk  and  upper  extremities,  con- 
traction of  the  pupil,  gradual  and  steady  slowing  of  the  cardio- 
vascular rhythm,  convulsions,  haematuria,  epistaxis,  etc. — in  no 
way  resembles  that  of  shock. 

Finally,  complete  removal  of  but  one  organ  seems  to  afifect 
animals  so  slightly  that  they  appear  to  suflfer  no  inconvenience; 
they  continue  to  live  month  after  month,  "quite  well  and 
active^';  i.e.,  until  the  experimenter  removes  the  second  adrenal, 
when  death  occurs  within  thirty-six  hours.  This  fact,  added 
to  many  others  elucidated  by  the  labors  of  Abelous  and  Lan- 
glois,"  Oliver  and  Schafer,'  CybuUki,^  Szymonowicz,®  Gourfein,' 
Langlois,^®  Swale  Vincent,^^  Boinet,^^  Parhon  and  Golstein,*' 
and  others,  shows  that  there  is  no  legitimate  ground — after  elim- 
inating all  factors  that  obviously  tend  to  disguise  the  source  of 
physiological  phenomena  and  pervert  their  meaning — to  doubt 
that,  as  Brown-Sequard  was  first  to  show,  extirpation  of  both 


*  Boinet:    Marseille  MMical,  Sept.  1.  1899. 

B  Abelous  and  Langlois:     Archives  de  Physlologle  norm,  et  path.,  Tol.  ziil, 
p.  267. 

*  Oliver  and  Sch&fer:    Journal  of  Physiology,  vol.  zvill,  1S95. 
^Cybulski:     Oazeta  Lekarska,  March  23,  1895. 

*  Szymonowicz :    Archiv  f.  d.  Gesam.  Phys..  vol.  Ixiv,  1896. 

*  Gourfein :     Revue  M6dicale  de  la  Suisse  Romande,  March,  1896. 
">  Langlois:     I^oc.   cit.,   1898. 

"  Swale  Vincent:     Journal  of  Physiology,  Sept.  11,  1897;  Fob.  17,  1898;  Apr. 
26,  1898. 

'•  Boinet:     Ta)C.  dt. 

"  Parhon  and  Qolsteln:    "Les  S6cr6tions  Internes,**  p.  736,  1909. 
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suprarenals  is  followed  by  death,  and  that  these  organs  fulfill 
in  the  organism  a  role  of  great  physiological  importance. 

Are  the  suprarenal  glands  functionally  as  important  in 
man  as  they  are  in  the  lower  vertebrates?  The  clinical  field 
alone  offers  the  necessary  elements  for  the  study  of  this  ques- 
tion; but  it  is  strewn  with  obstacles.  The  various  kinds  of 
neoplasms  which  develop  in  these  organs,  with  the  possible 
exception  of  sarcoma,  are  of  slow  growth;  the  sufferer  passes 
through  various  phases  that  are  more  or  less  influenced  by 
concomitant  conditions  and  by  the  pressure  which  the  tumor 
exerts  upon  important  neighboring  structures.  In  carcinoma 
there  may  also  be  involvement  of  other  viscera  by  continuity 
of  tissue  or  metastasis.  We  therefore  obtain,  in  relation  to  the 
8\Tnptom-complex  of  pure  suprarenal  origin,  a  transformed 
picture,  one  that  precludes  all  certainty  as  to  the  relations 
between  cause  and  effect.  Addison's  disease  affords,  if  any- 
thing, less  opportunity  for  solid  analysis;  it  may  be  associated 
with  suprarenal  lesions  and  it  may  not;  in  some  cases  but  one 
organ  is  involved;  in  others,  both;  if  it  is  due  to  suprarenal 
tuberculosis,  this  process  may  be  secondary  or  primary,  thus 
fnmishing  a  series  of  misleading  symptoms  due  to  the  extrinsic 
lesions;  finally,  we  may  at  a  post-mortem  find  the  organs  com- 
pletely destroyed  and  obtain  an  ante-mortem  history  in  which 
the  Addisonian  syndrome  is  conspicuously  absent. 

What  is  required  for  a  fruitful  analysis  of  this  question  is 
a  condition  in  which  the  adrenals  are  alone  the  seat  of  a  mortal 
lesion:  a  lesion  capable  of  suddenly  annihilating  the  functions 
of  both  organs  precisely  as  does  their  experimental  removal 
in  animals.  A  single  disorder  of  the  adrenals,  among  the  few 
that  have  been  so  far  described,  fulfills  tliese  requirements  in 
some  of  its  manifestations,  namely:  haemorrhage.  The  litera- 
ture of  this  subject  was  meager  when  this  woik  was  written 
two  decades  ago,  hardly  two  hundred  cases  having  been  reported. 
We  had  at  our  disposal  however,  a  review  of  eighty  of  these 
eases,  including  several  of  his  own,  by  Fran(;ois  Arnaud,'*  of 
Marseilles,  which  afforded  the  necessarv  data  for  analvtical 
stud  v.     While  some  of  the  cases  are  verv  bricflv  reviewed,  the 

»*  Francis  Amaad:     Arohlvea  G^^n^ralfs  d<'  Medecino.  p.  Ct,  July,  1900. 
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details  furnished  are  at  least  sufficient  to  enable  us  to  obtain 
what  appears  to  be  strong  evidence  to  the  efEect  that,  precisely 
as  it  does  in  the  lower  animals,  destruction  of  the  adrenals  in 
man  causes  death  within  a  very  brief  period. 

Indeed,  out  of  the  eighty  cases  collected  by  this  investiga- 
tor, death  occurred  within  a  period  ranging  from  a  few  hours 
to  three  days  in  fifteeen.  In  all  of  these  the  pathological  data 
given  show  that  both  glands  had  been  the  seat  of  the  hajmor- 
rhagic  process :  of  "suprarenal  apoplexy,"  as  he  terms  it.  Ten 
of  these  cases,  however,  lose  some  of  their  value  as  testimony 
because  no  allusion  is  made  to  the  condition  of  the  other  or- 
gans. In  the  other  five,  including  details  that  we  have  obtained 
from  the  original  reports,  it  is  specifically  stated  that  lesions 
were  found  nowhere  else  in  the  organism.  To  the  following  tabu- 
lated list  of  these  cases  I  have  added  two  instances  of  the  same 
kind  (Andrewes  and  Colman) : — 

Case  1  (Amaud*°). — Male,  36  years.  Death  occurred  48 
hours  after  entrance.  Both  glands  were  apoplectic  and  greatly 
enlarged.  One  weighed  28^^  grammes;  the  other  48  grammes. 
Both  when  cut  resembled  flesh,  and  were  studded  with  haem- 
orrhagic  foci  and  spots  of  haematomatous  organization  indi- 
cating a  progressive  lesion  of  long  standing.  A  small  amount 
of  medullary  substance  wac  still  present  in  the  right  capsule, 
but  otherwise  the  organs  were  structurally  destroyed. 

Case  2  (Amaud*®). — Female,  17  years.  Death  occurred 
suddenly  on  the  eleventh  day  after  the  receipt  of  a  bum  on 
the  arm;  the  symptoms  suggested  acute  poisoning,  but  the 
autopsy  revealed  haemorrhage  into  the  right  capsule  and  con- 
gestion of  the  left. 

Case  3  (Andrewes^^). — Female,  15  months.  Death  36 
hours  after  onset  of  symptoms.  Both  capsules  showed  inter- 
stitial haemorrhage.  All  cultures  were  sterile,  or,  if  any  or- 
ganisms were  present,  not  one  grew  on  ordinary  media  or 
stained  with  ordinary  reagents. 

Case  4    (Mattel*®). — Male,  aged  60  years.     Death   in   24 


"Arnaud:     Archives  G^n^rales  de  M^decine,  pp.  16  and  53,  July,  1900. 
"Arnaud:     Archives  G^n^ralos  de  M6declne,  p.  50,  July,  1900. 
'^Andrewes:     Lancet.   May  7,   1898. 

» Mattel:     Lo  Sperlmentale,   1863.     Case  I   in   Trans.   Gaz.   hebdom.,   Paris. 
No.  36,  p.  380. 
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hours  after  onset  of  acute  symptoms.  Both  capsules  were  en- 
larged, and  transformed  into  bags  containing  clots  surrounded 
by  the  cortex,  which  had  thus  been  forcibly  detached  from  the 
medullary  substance. 

Case  5  (Garrod  and  Drysdale^*). — Case,  aged  4  months. 
Brought  into  hospital  dead.  Both  glands  dark-purplish  red, 
though  not  enlarged;  meshes  of  stroma  filled  with  red  corpus- 
cles. 

Case  6  (Droubaix^®). — Case,  11  hours  old  at  onset  of  symp- 
toms. Death  in  3  days.  Haemorrhage  into  both  organs,  with 
infiltration  into  the  pericapsular  cellular  tissue. 

Case  7  (Colman"). — Case,  11  months.  Death  in  about 
25  hours.  Both  capsules  showed  diffuse  interstitial  haemor- 
rhage, and  cultures  proved  sterile. 

Strongly  suggestive,  also,  is  the  fact  that,  of  the  seventeen 
cases  of  comparatively  sudden  death,  fifteen  showed  suprarenal 
apoplexy  in  both  organs,  while  two  only  showed  involvement  of 
but  one  organ.  These  two  instances  might  invalidate  the  evi- 
dence adduced,  could  the  sudden  death  in  them  not  be  shown 
to  have  been  due  to  other  Causes.  But  such  is  the  case:  In 
the  one  (ParrotV^  case  No.  11)  the  haemorrhagic  adrenal  had 
ruptured,  and  the  patient  died  of  lutmorrhage  into  the  peri- 
toneal cavity;  in  the  other  (DTOubaixV^  case  Xo.  9)  death 
had  resulted  from  uraemia,  due  to  granular  and  cystic  degenera- 
tion of  the  kidneys. 

Additional  evidence  is  afforded  by  the  fact  that  complete 
destruction  of  but  one  adrenal  proves  harmless  to  man,  as  it 
does  in  animals.  The  results  of  operative  procedures  insti- 
tuted for  the  removal  of  suprarenal  neoplasms  prove  this  to 
he  the  case.  A  lipomatous  capsule,  for  instance,  was  removed, 
ahm^r  with  a  wedge-shaped  piece  of  underlying  kidney,  by  Mayo 
IJnbson=*  in  1897.  ^The  wound  healed  by  first  intention  and 
the  patient  rapidly  regained  her  lost  flesh  and  strength.  She 
remains  well,  and  had  had  no   return  of  the  trouble.'^     This 


»»  Garrod  and  Drysdale:     Lancet,  May  7,  1898. 

»  Droubaix:     Th^se  de  Paris,  Case  I,  p.  26. 

a  Colman:     Lancet,    May   7,    1S98. 

«  Parrot:    Archives  G^n^rales  de  M^declne,  vol.  xclx,  1872. 

»  Droubaix:     Tbdse  de  Paris,  1887. 

»*  Mayo  Robson:     British  Medical  Journal,  Oct.  21,  1899. 
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report  was  published  almost  two  years  after  the  operation.  A 
fibromyxosarcomatous  adrenal  was  removed,  along  with  the 
entire  right  kidney,  by  Howard  A.  Kelly.  ^^^  The  ease  proceeded 
to  full  recovery  notwithstanding  the  malignant  nature  of  the 
growth.  A  tuberculous  adrenal  and  the  right  kidney  were  also 
removed  by  A.  F.  Jonas.**  The  patient  was  discharged  six 
weeks  later  in  full  convalescence.  Finally,  Knowsley  Thorn- 
ton*^ removed  a  sarcomatous  gland  from  a  woman  aged  56 
years.  The  patient  was  seen  six  years  later  and  found  in  good 
health. 

This  does  not  mean,  however,  that  a  diseased  gland  may 
not  cause  death.  In  this  particular  the  adrenals  are  similar 
to  any  other  organ.  A  rapidly  growing  sarcoma  or  a  carcinoma 
may  start  in  one  of  the  organs,  develop  by  metastasis  elsewhere, 
and  cause  death.  Tuberculosis  frequently  finds  a  nidtis  in 
either  adrenal  or  both  simultaneously;  this  process,  along  with 
the  asthenia  engendered  by  the  suprarenal  disease,  may  rapidly 
end  in  death.  .  Again,  when  we  consider  the  frequency  with 
which  fatty  degeneration  is  found  in  these  organs^  when  micro- 
scopically examined, — thirty-six  times  out  of  one  hundred 
autopsies  taken  at  random,  according  to  Amaud,** — ^it  would 
certainly  be  unwise  to  establish  such  limits. 

But  this  also  suggests  that  death  may  thus  follow  any 
destructive  process  (hajmorrhage  included)  of  a  single  adrenal, 
if  the  functions  of  its  mate  are  sufficiently  inhibited  through 
a  local  lesion  or  by  a  morbid  condition  involving  its  peripheral 
vascular  or  nervous  supply.  Indeed,  the  anatomical  relations 
of  these  glands  indicate  tliat  their  functions  are  primarily  de- 
pendent upon  the  integrity  of  these  trophic  structures.  The 
multitude  of  nerves  distributed  to  them  include  meduUated 
fibers  from  the  solar  plexus,  the  sympathetic's  densest  net- 
work. DogieP®  states  that  the  internal  zone  of  the  cortex  is 
surrounded  by  a  more  or  less  dense  fibrillary  plexus,  and  that 
the  medullary  substance  is  provided  with  an  extraordinary  sup- 


« Howard  A.  KeUy:    Quoted  by  Ramsay,  Johns  Hopkins  Hosp.  BuU.,  Jan., 
Feb.,  Mar.,  1899. 

*  A.  P.  Jonas:    Annals  of  Surgery,  April,  1898. 
"  Knowsley  Thornton :     Harvelan  Lectures. 

*  Arnaud:     TjOC.  cit.,  p.  6. 

«»  Dogiel:    Archlv  f.  Anatomle  u.  Physiologie,  p.  90,  1894. 
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ply  of  nerves.  He  likewise  found  the  aggregate  of  these  nerve- 
fibrils  to  be  greater  than  that  of  the  glandular  elements  proper. 
It  seems  evident,  therefore,  that  any  organic  lesion  affecting 
or  involving  the  peripheral  nerve-structures  of  one  organ — 
tuberculosis,  cancer,  etc. — can  so  compromise  its  functions  as 
to  make  it  practically  useless  if  suddenly  called  upon  by  haem- 
orrhage  into  its  mate  to  assume  the  physiological  role  of  both. 
All  these  facts  appear  to  demonstrate  that  in  man,  as  well 
as  in  the  lower  vertebrates,  life  continues  as  long  as  one  of  the 
adrenals  is  normal,  or,  at  least,  as  long  as  any  morbid  condition 
affecting  this  organ  intrinsically  or  extrinsically  is  not  suffi- 
ciently advanced  to  materially  compromise  its  physiological 
functions.  But,  as  is  also  the  case  in  lower  vertebrates,  man 
soon  dies  if  the  physiological  functions  of  both  organs  are  ar- 
rested through  any  intrinsic  or  extrinsic  disorder,  unless  some 
compensating  organ  or  condition  be  vicariously  active.  It 
seems  evident,  therefore,  that  the  physiological  functions  of  the 
adrenals  are  sufficiently  similar  in  all  vertebrates  to  warrant  the 
use  of  experimental  data  obtained  with  lower  animals  in  the  study 
of  these  organs  in  man. 


FI'NCnONS  OF  THE  ADRENALS  THAT  ARE  SUPPRESSED 
WHEN  THESE  ORGANS  ARE  REMOVED. 

Cybulski  and  Szymonowicz^®  found  that  blood  drawn  from 
the  suprarenal  vein  gave  rise,  when  injected  into  the  blood- 
stream of  normal  animals,  to  manifestations  similar  to  those 
observed  after  the  injection  of  suprarenal  extract.  As  a  con- 
trolling experiment,  these  observers  also  injected  blood  taken 
from  veins  other  than  the  suprarenal,  but  with  negative  results. 
I^nglois^*  corroborated  these  observations  as  regards  the  ef- 
f<»ets  of  blood  obtained  from  the  suprarenal  vein.  Dreyer'^ 
reached  the  same  results,  though  not  in  all  animals:  a  feature 
of  his  experiments  easily  accounted  for  by  the  known  fact,  ap- 
plicable to  all  glands,  that  the  amount  of  substance  produced 
by  the  organs  may  vary  at  different  times  and  imder  different 


»Cybul8k!  and  Szymonowicz:     Ta)c.  Ht. 

«  Langlois:     Archives  de  Phys.   norm,   et  path.,   p.  152,  1897. 

«  Dreycp:    Am.  Jour,  of  Physiol.,  vol.  il,  p.  203,  1899. 
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circumstances.  This  obviously  suggests  that  the  morbid  phe- 
nomena witnessed  after  extirpation  of  the  adrenals  are  due  to 
the  absence  of  a  substance  produced  by  these  organs  and  se- 
creted into  the  adrenal  veins.  In  his  recent  vjrork,  Swale  Yin- 
cent'^  states  that  considerable  evidence  attests  to  the  fact  that 
"it  passes  by  way  of  the  adrenal  veins  into  the  general  circu- 
lation/' 

Not  only  do  the  adrenals  produce  the  blood-pressure-rais- 
ing substance  the  lack  of  wliich  accounts  for  the  symptoms  that 
follow  bilateral  removal,  but  the  secretion  of  these  organs  alone 
possesses  the  property  of  arresting  these  symptoms.  Cybulski'^ 
found  experimentally  that  the  increase  of  blood-pressure  and 
other  card io- vascular  manifestations,  etc.,  could  not  be  ob- 
tained from  similar  preparations  from  the  brain,  spinal  ganglia, 
lymph-glands,  liver,  spleen,  kidney,  testicle,  or  tliyroid.  Man- 
kowsky^*  corroborated  these  observations  and  noted  that  the 
blood-pressure-raising  power  was  peculiar  to  the  suprarenal 
extract,  his  experiments  having  also  shown  that  this  action 
could  not  be  obtained  from  the  fresh  thyroid  gland,  pancreas, 
lymphatic  glands,  parotid,  kidneys,  liver,  spleen,  cerebrum,  heart, 
or  skeletal  muscles. 

An  extract  obtained  from  human  adrenals  possesses  similar 
properties  to  the  preparations  in  general  use.  This  important 
fact  was  ascertained  by  Guinard  and  Martin,  of  Lyons,'*  who 
conducted  a  series  of  experiments  with  the  adrenals  of "  a 
healthy  executed  criminal.  Expressed  juice  of  these  glands 
"produced  physiological  phenomena  similar  to  those  noted  with 
the  extracts  from  organs  obtained  from  other  animals.  The 
nature  of  the  poisons  contained  in  them  did  not  appear  to 
differ.'* 

The  following  conclusions  appear  warranted : — 

1,  Bcmoval  of  both  adrenals  arrests  the  supply  of  a  secretion 
which  these  organs  pour  into  the  adrenal  veins, 

2,  The  secretion  of  the  adrenals  gives  rise  to  physiological 
phenomena  which  are  not  awakened  by  extracts  of  other  organs, 

•^  Swale  Vincent:    "Internal  Secretion  and  the  Ductlesa  Glands."  p.  232,  1913. 
"Cybulaki:     Loc.    cit. 

**Mankow8ky:     Russian  Archives  of  Physiology  and  Bact.,  March.  1898. 
"BQuinard   and    Martin:     Journal   de   physiologie   et  de   path.    g6n6r..   1899; 
ArchlTes  g6n6rales  de  m6decine.  Oct..  1899. 


KFFBCTS  OF  SECRETION  ON  THE  HEART  AND  VESSELS.  11 

EFFECTS  OF  THE  ADRENAL  SECRETION  ON  THE  CARDIO- 
VASCULAR SYSTEM. 

The  Adrenal  Secretion  and  the  Cardiac  Muscle. — 
While  removal  of  both  adrenals  is  followed  by  a  great  fall  of 
blood-pressure  and  very  feeble  and  rapid  cardiac  action,  intra- 
venous injections  of  suprarenal  extract  invariably  cause  marked 
increase  of  the  blood-pressure  and  equally  marked  slowing  of 
the  heart-beat.  The  blood-pressure  increase  thus  appears  to  be 
due  to  the  direct  effect  of  the  specific  suprarenal  principle; 
but  to  account  for  the  slowing  of  cardiac  action  we  are  led  to 
implicate  the  inhibitory  action  of  the  vagus.  If  the  bulbar 
center  of  this  nerve  be  paralyzed  by  atropine,  however,  or  the 
vagus  itself  be  cut,  this  inhibition  ceases  and  quickening  of 
the  heart-beat  follow^,  accompanied  by  a  still  greater  increase 
of  blood-pressure.  Oliver  and  Schafer  found*®  that  the  inhib- 
itory action  of  the  vagus  under  the  influence  of  adrenal  extract 
was  sufficient  to  arrest  the  auricles  for  a  time,  the  ventricles  con- 
tinuing to  contract  slowly. 

Mooted  points  have  arisen  in  this  connection  that  have 
entailed  considerable  divergence  among  physiologists;  and, 
curiously  enough,  when  the  various  views  entertained  are 
analyzed,  none  of  them  seem  to  harmonize  with  available  ex- 
perimental data. 

Cybulski,^^  after  a  series  of  careful  experiments,  reached 
the  conclusion  that  suprarenal  extract  acted  upon  the  vaso- 
motor centers  of  the  medulla  and  spinal  cord,  first  stimulating, 
then  paralyzing,  them.  Oliver  and  Schiifer,^**  after  equally 
careful  experiments,  concluded  that  the  extract  caused  powerful 
constriction  of  the  arterioles  by  a  direct  action  on  their  walls, 
and  stimulated  the  inhibitory  center.  To  this  they  ascribed 
the  slowing  of  the  heart  observed  before  the  vagi  were  cut, 
and  physiologists  have  generally  accepted  the  conclusion  that 
the  inhibitory  center  is  stimulated.  Indeed,  even  the  more 
recent — and  carefully  conducted — physiological  researches  have 
sustained  this  opinion;  Wallace  and  Mogk,^®  for  instance,  were 


"•Oliver  and  Schftfer:    Journal  of  Physiology,  xviii,  1895. 

*^Cybulskl:     Gazeta  Lekarska,  March  23,  1895. 

*  Oliver  and  Schfifer:    Journal  of  Physiology,  vol.  xviii,  p.  230. 

*•  WaUace  and  Mogk:    American  Physiological  Society  Proc,  Dec.  28,  1898 
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led  by  unquestionable  experiments  to  conclude  that  the  supra- 
renal extract  stimulated  the  vagus  center,  thus  inhibiting  the 
heart. 

A  second  set  of  divergent  views  refers  to  the  nervous 
structures  involved  when  the  heart  is  separated  from  its  in- 
hibitory center  by  section  of  the  vagus.  The  influence  of  the 
extract,  in  this  connection,  is  ascribed  by  Mankowsky*®  to 
stimulation  of  the  cardiac  and  respiratory  centers;  by  Gott- 
lieb,*^ to  the  direct  stimulating  effects  of  the  substance  upon 
the  intrinsic  cardiac  ganglia ;  by  de  Cyon,*^  to  some  action  upon 
the  vasoconstrictor  nerves  and  simultaneously  upon  the  central 
and  peripheral  ends  of  the  cardiac  accelerators;  by  Velich,*' 
to  stimulation  of  the  vasoconstrictors;  and  finally  by  other 
observers  to  various  more  or  less  complicated  combinations 
which  all  include  some  part  of  the  nervous  system  as  the  seat 
of  primary  effect.  By  inference,  therefore,  we  are  led  to  look 
upon  this  system  as  the  one  upon  which  the  specific  principle 
of  the  adrenals  acts  physiologically. 

A  leading  question,  which  embodies  the  divergent  views  of 
Cybulski,  on  the  one  side,  and  Oliver  and  Schafer,  on  the  other, 
resolves  itself  into  this:  Does  the  suprarenal  active  principle 
act  at  all  upon  the  inhibitory  centers? 

It  may  prove  useful  in  this  connection  to  recall  that,  ac- 
cording to  prevailing  doctrines,  the  functions  of  the  heart  are 
governed  by  two  sets  of  nerve-fibers.  The  one  set,  derived  from 
the  sympathetic,  increases  the  vigor  of  the  heart-beat  and  tends 
to  quicken  the  number  of  beats  in  a  given  time.  The  other 
set,  which  arises  from  the  vagus,  inhibits  the  vigor  of  the 
heart-beats  and  their  rate  or  rhythm.  Both  these  "augmentor^^ 
and  ^^inhibitor^^  fibers  receive  their  impulses  from  the  medulla 
oblongata  and  from  a  limited  area  of  the  upper  portion  of  the 
cord,  and  represent  the  external,  or  extrinsic,  motor-supply  of 
the  organ.  Again,  the  medulla  and  the  spinal  area  referred  to 
receive  impulses — including  reflex  impulses — from  all  parts  of 
the  organism,  including  the  heart  proper,  and  there  is  thus 

^  Mankowsky:    Russian  Archives  of  Pathology,  Clinical  Med.,  and  Bact.,  vol. 
V,  No.  3,  March,  1898. 

^  Gottlieb:    Archlv  fUr  exp.  Path.,  Bd.  xxxvill,  1896. 

*2  De  Cyon:    PflUger's  Archlv  fOr  Physiol.,  vol.  Ixii.  p.  370.  1898. 

**Vellch:    Wiener  med.  Blatter,  Nov.  11,  1897. 
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wfablislied  a  cycle  of  afferent  and  efferent  impnlpce  of  which 
the  medulla  and  the  portion  of  the  cord  immetllately  below  it 
represent  the  center.  The  effects  of  destrnction  of  these 
BtriK'turcs  can  easily  be  foretold.  As  shown  by  Strieker  nearly 
forty  years  ago  and  by  other  physiologists  since,  extirpation 
of  the  cervical  and  dorsal  portions  of  the  cord  causes  arrest 
of  the  heart's  action.  When  to  this  is  added  destruction  of 
the  medulla,  the  certainty  of  immediate  death  is  but  enhanced, 
A^in,  certain  agents — chloral  hydrate,  for  instance — are 
known  to  abolish  the  functional  activity  of  the  cord  and  to 
affect  the  heart  as  if  the  vagus  had  been  Be%'ered. 

Applying  these  classical  data  to  the  question  in  point,  it 
becomes  evident  that,  if  tlie  inhibitor  or  augmentor  centers 
were  directly  or  reflexly  stimulated  by  suprarenal  extract,  the 
effects  of  extirpation  of  these  centers  or  of  the  tonl  would 
not  be  counteracted  by  its  use  since  there  would  bf  no  cenler  lo 
receive  and  traruimit  impulses:.  The  arrest  of  the  heart's  action 
would  therefore  be  permanent. 

But  esperiments  hare  ^lown  that  the  injection  of  supra- 
lenal  extract  at  once  causes  this  organ  to  resume  its  beat  not- 
■  withstanding  total  eitirpation  of  the  entire  cord.  Thus,  Biedl" 
rent  the  medulla  oblongata  and  removed  the  entire  cord  of 
mammals;  and,  when  the  blood-preseure  had  become  reduced 
to  9  millimetera,  injected  suprarenal  extract.  This  at  once 
bnraght  up  the  pressure  to  160  millimeters.  Gottlieb**  chlo- 
rslized  rabbits  until  the  beart-beate  bectune  irregular  and  ex- 
cessively alow.  An  injection  of  suprarenal  extract  at  once 
restored  the  r^ularitj  and  volume  of  the  pulse.  He  tried 
the  same  experiment  when  the  pulse  was  no  longer  registrable 
by  the  manometer;  a  similar  result  was  obtained,  and  the  heart 
almost  immediately  resumed  its  normal  action.  Isaac  Ott** 
etherized  a  rabbit,  cut  the  cord  above  the  atlas,  severed  all 
the  cardiac  nerves  in  the  neck,  and  verified  the  section  of  the 
cord  post  mortem.  Injections  of  suprarenal  extract  were  then 
used  repeatedly  as  soon  as  the  pressure  became  greatly  lowered. 
They  brought  it  up  from  24  to  144  the  first  time,  from  17  to 


••Blcdl:    wiener  kiln.  WocbeaecbHtt.  Bd.  ti,  I8«. 
■OotUleb:    AnhW  (Or  eip.  P«tli.  und  Pli»r.,  Bd    ixivilt,  11 
*  Uua  Ott:     BmerUnent  No.  11.  Uedlul  BulleUn,  Jan.,  US 
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134  the  second,  and  from  24  to  124  the  third  time,  the  interval 
between  the  injections  of  extract  and  the  highest-pressure  marks 
ranging  from  fifteen  to  thirty  seconds. 

These  experiments,  to  which  others  of  a  similar  kind  could 
be  added,  speak  for  themselves.  They  distinctly  show  that,  con- 
trary to  the  conclusions  of  Cybulski,  Wallace  and  Mogk,  Man- 
kowsky,  Gottlieb,  and  other  observers,  the  inhibitory  centers  are 
not  directly  stimulated  by  the  suprarenal  extract. 

And,  indeed,  their  conclusion  is  apparently  justified,  if 
removal  of  the  medulla  and  cord  is  left  out  of  consideration, 
and  with  injections  of  suprarenal  extract  as  an  only  guide.  In 
other  words,  to  the  question — does  suprarenal  extract  directly 
affect  the  cardio-inhibitory  centers? — an  affirmative  experi- 
mental result  on  injecting  it  into  mammals — slowing  of  the 
heart — ^would  always  be  obtained,  while  the  crucial  test — sec- 
tion of  the  vagus — would  at  once  confirm  the  conclusions  pre- 
viously reached  by  causing  great  increase  in  the  rapidity  of 
the  heart's  action.  But  division  of  the  cardiac  nerves  in  the 
neck,  including  the  vagus,  and  of  the  cord  in  no  way  preventing 
tlie  action  of  the  extract,  the  only  logical  deduction  that  imposes 
itself  is  that  the  suprarenal  extract  exercises  a  stimulating  action 
directly  upon  the  cardiac  muscle  irrespective  of  any  action  upon 
the  inhibitory  centers. 

The  Adrenal  Secretion  as  Constrictor  of  Muscular 
Elements. — The  last  deduction  implicates  other  phases  of  the 
question.  Prominent  among  these  is  the  effect  ascribed,  to 
sdrenal  extract  upon 'the  vasomotor  system  by  various  physi- 
ologists and  clinicians.  Is  there  any  such  action?  Veins — 
which  are  but  little,  if  at  all,  infiuenced  by  the  cardiac  impulse 
in  respect  to  their  rhythmical  changes  of  caliber,  the  blood 
before  reaching  tliem  having  to  penetrate  the  capillary  system 
— are  distinctly  contractile.  This  may  be  clearly  seen  by 
examining  the  great  veins  opening  into  the  heart,  and  in  those  of 
bats'  wings.  Granting,  as  is  generally  taught,  that  veins  are 
not  endowed  with  a  vasomotor  supply,  we  find  that  they  never- 
theless contract  under  the  influence  of  suprarenal  extract. 
Sz}Tnonowicz*^  obsen'cd  that  the  pressure  rose  and  fell  in  the 
external  jugular  vein,  along  with  the  pressure  caused  in  the 

A' SzymoDOwIcz:    Archly  fUr  die  gesam.  Physiol.,  Bd.  Ixiv.  1896. 
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arteries  by  injections  of  this  substance.  Auld*®  states  that,  when 
suprarenal  extract  was  injected  into  a  vein  "which  had  been 
clamped  as  high  as  practicable,  on  releasing  the  vein  after  a  few 
minutes  a  marked  diminution  of  pressure  was  recorded  as  €om- 
pared  with  that  produced  by  injection  into  the  free  vein."  This 
shows  a  direct  action  on  the  vein  while  the  extract  was  held  in 
situ  by  clamping.  Meyer*®  found  that  a  weak  solution  of 
epinephrin  caused  contraction  of  detached  strips  of  jugular  vein; 
Gunn  and  Chavasse^®  and  Crawford  and  Twombly^*  obtained 
similar  effects  on  other  veins.  This  tends  to  disprove  the  need 
of  vasomotor  nerves  to  contract  such  vessels. 

While  it  is  obviously  difficult  to  account  for  the  general 
increase  of  vascular  pressure  caused  by  the  extract  without  in- 
cluding vasomotor  ner\'es  in  the  process,  a  direct  action  upon  the 
vascular  muscles  themselves  might  underlie  the  result  attained:, 
a  question  which  can  only  be  elucidated  by  stripping  the  vessels 
of  all  their  nervous  connections  and  then  watching  the  effects 
of  the  extracts.  This  procedure  has  been  resorted  to  by  Oliver 
and  Schafer,  and  these  physiologists  have  shown  that  a  vessel 
will  contract  after  all  the  nerves  to  it  are  cut.  Even  a  freshly 
excised  vessel — one,  therefore,  obviously  freed  of  all  nervous 
influence — will  respond  to  the  contracting  effects  of  an  aqueous 
.-olulion  of  suprarenal  extract,  and,  if  a  large  vessel  be  used  for 
the  experiment  to  render  the  change  of  caliber  more  api)reeiable, 
the  diameter  will  be  found  reduced  nearly  one-sixth.  Further- 
more,  these  investigators  have  found  that  it  acts  directly  on  the 
muscles  of  the  blood-vessels,  and  that  this  action  occurs  equally 
well  after  set  (ion  of  the  cord.  As  we  have  i^wn,  destruction  of 
the  adrenals  or  annihilation  of  their  functions  is  followed  hv 
extreme  muscular  weakness;  this  normally  led  them  to  the 
<(>nclusion  that  all  varieties  of  muscle — the  striated,  non- 
striated,  and  the  cardiac  muscle  (which  histologically  partakes 
of  both  kinds  of  muscular  tissue) — are  stimulated. 

Observing  also  that  the  latter  caused  a  ra])id  increase  of 
blood-pressure,  and  that  it  gave  a  stcej)  rise  to  the  kymograph- 


«^Auld:     British  Medical  Journal.  Juno  3.  1899. 
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curve,  they  concluded  that  there  had  been  a  strong  constriction  of 
the  small  arteries:  strong,  in  their  sense,  meaning  the  relative 
constriction  as  compared  to  that  of  other  vessels.  This  is  fully 
accounted  for  by  the  greater  relative  supply  of  muscular  tissue 
in  these  peripheral  vessels.  As  is  well  known,  arteries  are 
endowed  with  a  coat  of  muscular  fibers,  which  assumes  in- 
creased thickness  and  relatively  greater  mechanical  power  as 
the  capillaries  are  approached;  so  that  in  the  smaller  arteries 
the  muscular  layer  is  relatively  quite  thick.  All  the  work  done 
in  recent  years  has  emphasized  the  fact  that  the  adrenal  active 
principle  enhances  the  tone  of  blood-vessels,  chiefly  that  of  the 
arterioles'^''  though  not  of  the  coronaries  or  pulmonary  vessels. 

That  all  organs  are  similarly  affected  owing  to  their  vas- 
cular supply  was  also  shown  by  Oliver  and  Schafer  by  means 
of  the  plethysmograph,  not  alone  the  limbs,  but  such  organs  as 
the  spleen  and  the  kidney  being  contracted  from  20  to  25  per 
cent,  after  intravenous  injections  of  the  extract. .  These  ex- 
periments also  showed  that  great  vascular  constriction  in  the 
splanchnic  area  was  caused.  Veins,  we  have  seen,  are  likewise 
constricted  by  suprarenal  extract;  they  also  contain  muscular 
fibers  in  tlieir  thinner  walls.  Although  the  supply  of  muscular 
elements  is  less  important  than  in  the  arteries,  this  is,  to  a 
degree,  compensated  by  the  greater  lumen.  That  the  entire 
vascular  system  of  the  organism  is  thus  acted  upon  by  the 
suprarenal  specific  principle,  owing  to  the  muscular  tissues  which 
it  contains,  is  beyond  question. 

Can  we  conclude  from  these  data  that  the  vasomotor  center 
is  never  influenced  by  the  suprarenal  extract  ?  As  will  be  shown 
later  on,  the  secretion  of  the  adrenals  and  adrenal  extractives 
enhance  metabolic  activity  in  living  cells,  including  vascular 
elements.  Their  action  on  vessels  is  tlius  independent  of  any 
upon  the  vasomotor  center  except  in  so  far  as  their  influence 
on  general  metabolism  is  concerned,  in  which  case  this  center 
would  merely  be  stimulated  along  with  all  other  tissues. 

Briefly,  Schiifer's  statement  that  "the  intravenous  injection 
of  suprarenal  extract  produces  a  powerful  physiological  action 
upon  the  muscular  system  in  general,  but  especially  upon  the 
muscular  walls  of  the  blood-vessels,  and  the  muscular  wall  of  the 

^*  Swale  Vincent:     ''Internal  Secretions  and  the  Ductless  Qlands/'  p.   164, 
1913. 


EFFECTS  OF  SBCRBTION  ON  THE  HEART  AND  VESSELS.    17 

heart^'  may  be  accepted  as  the  basis  of  the  conclusion  that  ad- 
renal extract  causes  cardiac  and  vascular  contraction  by  stimu- 
lating directly  the  muscular  elements  of  the  heart  and  vessels, 
and  mainly  the  arterioles. 

Action  of  th£  Adrenal  Secretion  upon  the  Heart. 
— ^The  addition  of  a  given  proportion  of  glandular  substance  to 
the  aggregate  contained  in  the  organism,  or  the  removal  of  some 
by  any  method,  should  involve  a  corresponding  augmentation 
or  a  diminution  of  the  normal  manifestations  that  represent 
suprarenal  functions,  whatever  these  may  be.  The  injection 
of  suprarenal  extract,  we  have  seen,  produces  a  rapid  and 
marked  increase  of  blood-pressure.  When,  therefore,  we  speak 
of  stimulating  these  structures  we  imply  contraction  of  the* 
muscular  fibers  and  approximation  of  the  vascular  walls  toward 
the  center  of  the  blood-stream  and  as  a  corollary,  increased  ten- 
sion in  the  veins,  with  resistance  to,  and  slowing  of,  the  con- 
tractions of  the  right  ventricle.  BiedP^**  states  in  this  connec- 
tion :  **The  full  action  of  adrenalin  may,  however,  be  observed  in 
.  tlie  mammalian  heart  in  situ  after  the  vagal  terminals  have  been 
paralyzed  with  atropine.  There  is,  as  a  rule,  a  further  accelera- 
tion of  the  contractions  and  there  is,  especially,  a  stronger 
vontricular  systole  which  is  well  seen  by  registering  the  contrac- 
tions or  by  means  of  a  plethysmograph.  This  increased  cardiac 
activity  is  the  result,  not  of  improved  circulatory  conditions 
arising  out  of  tlie  heightened  blood-pressure,  but  of  the  direct 
action  upon  the  heart  of  the  substance  itself.  Thus,  the  intra- 
venous injection  of  suprarenal  extract  will  bring  back  life  into 
an  animal  poisoned  with  chloral,  in  which  the  action  of  the  heart 
is  almost  or  entirely  ol>l iterated.  The  injection  is  followed  by  a 
pro^rressive  increase  in  the  rapidity  and  power  of  the  contractions ; 
the  blood-pressure,  which  had  fallen  to  nothing,  rises;  and,  after 
a  second  injection,  the  heart  resumes  its  normal  activity  whicli 

is  maintained The  action   of  adrenalin  may  also  be 

f»bsened  in  hearts  which  have  been  removed  from  the  living 
body.  Oliver  and  »Schafer  experimented  with  isolated  frogs' 
hearts  through  which  normal  saline  solution  was  allowed  to  cir- 
culate. They  found  that  suprarenal  extract  produces  spon- 
taneous contraction  in  a  motionless  heart ;  in  the  case  of  a  feeblv 

»*'Biedl:    *'Iotcni«l  Secretory  Orsu»."  P.  200,  ldl3. 
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beating  heart,  the  beats  become  stronger  and  more  rapid,  the 

irregularity  disappears,  and  rhythm  is  restored Hering- 

Bock  found  that  an  increase  in  the  pulse-rate  and  a  stronger 
cardiac  contraction  also  followed  the  employment  of  adrenalin  in 
the  isolated  cardiopulmonar}'  circulation/'  Briefly,  these  facts, 
which  summarize  the  observations  of  a  larger  number  of  experi- 
menters clearly  show  that  an  excess  of  adrenal  extract  in  the 
blood  increases  the  contractile  power  of  the  cardiovascular  system. 

Under  these  conditions,  it  seems  evident  that  the  blood  tends 
to  gravitate  toward  the  pcripher}-. 

Functional  Kelationsiiip  Between  Arteries  and 
Their  Capili^vries  Under  the  Influence  of  the  Adrenal 
Secretion. — The  very  marked  contractile  power  that  supra- 
renal extract  also  possesses  over  tJie  cardio-vascular  muscles  plays 
an  important  indirect  role  in  the  organism  which  seems  to  have 
been  overlooked  so  far :  i.e.,  that,  since  cainUaries  are  not  sup- 
plied with  muscles  (their  walls  consisting  of  etidothelial  plates), 
they  are  not  contracted  as  are  arteries  and  arterioles. 

This  embodies  two  kindred  prominent  features  of  pathol- 
ogy: i.e.,  the  fact  that  when  vessels  supplied  wnth  a  muscular 
coat  contract  their  capillaries  dilate  owing  to  the  increased  pres- 
sure to  which  the  arterial  contraction  gives  rise  within  the  latter, 
while  the  opposite  relative  mechanism — when  vessels  supplied 
with  a  muscular  coat  dilate  their  capillaries  contract — prevails 
owing  to  the  resiliency  of  the  latter  when  the  blood  in  them 
recedes.  In  other  words,  while,  in  the  first  case,  the  blood  is 
crowded  outwardly,  in  the  second  it  is  crowded  inwardly. 

The  physiological  importance  of  these  propositions  will  be 
shown  in  subsequent  chapters,  but  their  bearing  and  soundness 
seem  sustained  by  the  fact  that  they  alone,  of  all  solutions  so 
far  advanced,  can  satisfactorily  explain  an  experimental  phe- 
nomenon— a  true  suprarenal  paradox — encountered  by  Lan- 
glois  and  Charrin  in  the  course  of  their  earlier  laboratory 
work.**^  These  observers,  in  order  to  study  the  action  of  supra- 
renal substance  upon  toxic  agents  and  toxins,  injected  equal 
doses  of  virulent  cultures  into  two  groups  of  guinea-pigs,  the 
animals  constituting  one  of  the  groups  having  each  been  de- 
prived of  one  suprarenal  gland.    The  group  of  normal  animals 

^  LangloiB  and  Charrin :    Comptes-rendus  de  la  Soci6t4  de  Blologie,  July  10, 
1896. 
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lived  altogether  138  hours;  that  of  mutilated  animals  150 
hours.  Several  experiments  of  the  same  kind  were  performed; 
invariably  did  they  find  that  the  animals  from  which  one  gland 
had  been  extirpated  lived  longer  than  those  left  in  their  nor- 
mal condition.  The  differential  contractility,  of  vessels  and 
capillaries  referred  to  render  this  phenomenon  a  normal  con- 
sequence under  the  circumstances :  The  caliber  of  the  muscular 
vessels,  veins,  and  arteries  of  the  mutilated  animals  having 
become  enlarged  and  their  walls  relaxed  by  the  loss  of  supra- 
renal stimulus,  engorgement  of  the  larger  trunks  occurred,  and 
caused  depletion  of  the  remote  capillaries,  including  those  of  the 
central  nervous  system.  The  virulent  toxins  injected  producing 
their  main  primary  effects  upon  the  latter,  and,  the  quantity 
of  toxic  blood  transported  to  them  in  a  given  time  being  smaller 
than  in  a  normal  animal,  the  longevity  of  the  latter  was  pro- 
longed in  proportion. 

I  shall  frequently  refer  in  subsequent  chapters  to  this 
relative  behavior  of  vessels  under  the  effects  of  suprarenal 
secretion  or  extract.  We  will  see  also  that  it  is  an  important 
feature,  not  only  of  the  physiological  action  of  certain  drugs, 
but  also  of  various  toxins,  that  of  the  pneumonia  bacillus,  for 
example.  The  conclusion,  therefore,  that  vessels  supplied  ivith 
a  mwsnilnr  coat  and  capillaries  are  antagonistic  in  contraC' 
Hon  and  dilation  is  only  submitted  as  a  postulate  for  the  time 
being. 

TOXINS,  POISONS,  VENOMS,  AND  DRUGS  IX  LARGE  DOSES  AS 
INHIBITORS  OF  ADRENAL  FUNCTIONS. 

Analogy  suggests  that,  besides  the  normal  standard  of  supra- 
renal activity,  there  must  be  inadequate  activity,  pliysiological 
to  a  certain  extent,  but  pathological  when  extremes  are  ap- 
proached. Pending  considerable  testimony  to  this  effect  it  is 
sufficient  to  recall  that  insufTicieney  of  the  adrenals  is  now 
recognized  as  a  clinical  entity.  We  have  seen  that  haemorrhage 
into  both  adrenals  can  cause  death,  and  we  shall  see  presently 
that  various  poisons  likewise  cause,  mainly  by  variations  of  the 
blood-pressure,  cessation  of  the  adrenal  functions.  Is  this  result 
due  to  direct  annihilation  of  the  latter  by  the  poison,  or  must 
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it  be  ascribed  to  some  indirect  factor,  such  as  the  variations  of 
general  blood-pressure,  caused,  as  is  well  known,  by  many 
poisons,  including  certain  toxins,  and  which  must  necessarily 
affect  the  adrenals  as  well  as  other  organs  ? 

This  question  may  perhaps  be  elucidated  by  trying  to  ac- 
count for  the  haemorrhages  that  occur  as  a  complication  of  local 
disease.  These  at  first  seem  to  afford  a  ready  answer,  since  the 
vast  majority  of  them  are  traceable  to  organic  lesions  of  the 
glands  that  practically  annul  their  efficiency  by  destroying  the 
greater  part  of  their  substance.  Partial  destruction  of  the 
organs  and  corresponding  loss  of  activity  follow  each  other 
so  logically  that  any  conclusion  other  than  that,  in  accord  with 
the  prevailing  view,  all  poisons,  toxins  especially,  act  morbidly 
upon  the  adrenal  tissues  per  se  would  seem  unwarranted.  And 
yet  we  have  in  cerebral  haemorrhage  or  "apoplexy"  evidence  to 
the  effect  that  adrenal  haemorrhage,  which  Amaud  termed 
"adrenal  apoplexy,"  might  also  be  due  to  high  general  blood- 
pressure,  with  rupture  of  the  adrenal  vessels,  particularly  when 
these  vessels  are  diseased.  Again,  poisons  being  carried  to  all 
parts  of  the  organ  we  should,  if  their  action  were  direct,  find 
the  lesion  in  the  functional  cellular  elements  throughout  the 
entire  organs.  Not  only  is  this  not  the  case,  but  the  lesions 
are  essentially  vascular. 

While  studying  the  pathological  histology  of  suprarenal 
haemorrhage,  Amaud  found  that  it  was  not  in  the  medulla 
proper,  as  generally  believed,  that  these  haemorrhages  occurred, 
but  in  the  tissues  of  the  internal  cortical  zone.  In  emphasizing 
this  fact,  he  states :  "It  is  at  this  point  that  the  capillaries 
tear  under  the  influence  of  a  powerful  congestion.  When  the 
haemorrhage  is  important,  it  is  due  to  rupture  of  one  of  the 
branches  of  the  capsular  vein  at  any  point  of  its  walls,  and 
occurs  into  the  medullary  substance  or  into  the  central  con- 
junctivo-vascular  sheath."  The  medulla  proper  may  be  re- 
spected to  the  last,  either  a  capillary  peripheral  to  it,  or  some 
part  of  the  intrinsic  portion  of  the  vein — probably  weakened 
by  the  local  disease — constituting  the  yielding  structure.  Fur- 
thermore, Nature  seems  to  protect  the  last  vestiges  of  the  med- 
ullary substance  even  after  a  localized  haemorrhage.  This  is 
suggested  by  the  fact  that  Amaud  found  in  such  areas  evi- 
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dent  signs  of  organization^  at  times  indicating  a  local  inter- 
stitial inflammatory  process,  at  others  a  retrogressive  meta- 
morphosis recalling  that  observed  in  haematomata.  Briefly, 
using  his  words :  *'The  normal  anatomical  elements  of  the 
suprarenal  gland  may  be  found  in  a  more  or  less  perfect  state 
of  integrity,  either  in  the  periphery  of  the  growth  or  at  one 
of  its  extremities/'    Toxins  would  hardly  be  so  selective. 

Further  analysis  of  this  question  elicits  the  fact  that  the 
symptoms  which  characterize  the  progress  of  the  primary  or- 
ganic disease  of  the  adrenals  differ  totally  from  those  attending 
the  haemorrhage  proper.  While  the  former  may  hardly  cause 
suffering  or  be  totally  obscured  by  the  signs  of  any  concomitant 
disorder  present,  the  symptoms  attending  haemorrhage  are  some- 
times violent  and  sudden,  the  patient  abruptly  screaming 
from  excruciatingly  intense  pain  in  the  abdomen,  or  dropping 
at  once  into  apoplectiform  coma  from  which  he  never  rallies. 
Cerebral  apoplexy  does  not  furnish  a  more  vivid  picture  of  the 
overwhelming  effects  of  haemorrhage.  Yet  haemorrhagic  foci 
in  various  stages  of  organization  are  found  at  autopsies.  Thus, 
one  of  Amaud's  cases  suddenly  fell  into  apoplectiform  coma, 
and  died  in  48  hours;  the  only  organs  found  diseased  after 
death  were  the  adrenals,  which  contained  old  haeraatomata, 
and  various  more  or  less  organized  haamorrhagic  foci  which 
showed  that  local  haemorrhages  into  them  had  repeatedly  oc- 
curred. The  suprarenal  substance  was  entirely  destroyed  ex- 
cepting a  narrow  zone  toward  the  inferior  edge  of  the  right 
organ.  The  urine,  during  life,  and  the  kidneys,  after  death, 
were  found  normal.  Obviously  we  cannot  well  ascribe  the 
acute  symptoms  to  the  primary  organic  lesion,  since  they  appear 
suddenly,  practically  without  warning,  and  promptly  lead  to  a 
fatal  issue.  Excessive,  ue,,  disruptive  congestion  again  suggests 
itself. 

Confirmatory  evidence  is  also  afforded  by  the  facts  that, 
irrespective  of  infectious  diseases,  adrenal  haemorrhage  may  be 
caused  by  cardiac  and  renal  disorders  in  which  high  blood-pres- 
sure results  from  purely  mechanical  causes,  and  that,  as  is  often 
the  case*  fatal  adrenal  haemorrhage  may  occur  irrespective  of  any 
evidence  of  local  disease  or  the  presence  of  any  bacteria.  This 
is  well  shown  in  Andrewe's  case,  referred  to»  on  page  6,  in  which 
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neither  cultures  nor  stains  showed  the  presence  of  pathogenic 
organisms. 

There  is  good  ground  for  the  belief,  therefore,  that  the 
prevailing  view  that  poisons  act  directly  upon  the  adrenal  tissues 
does  not  always  apply,  i.e.,  that,  besides  the  insufficiency  of  the 
adrenals  caused  by  disease  of  these  organs,  there  is  a  form 
brought  on  by  the  general  blood-pressure  when  this  is  sufficiently 
elevated  (as  in  the  course  of  some  infections  and  intoxications) 
to  cause  intense  congestion  of  the  adrenals  and  rupture  of  some, 
of  their  blood-vessels. 

The  morbid  influence  of  high  blood-pressure  is  all  the  more 
likely  to  manifest  itself  when  part  of  the  adrenals  have  already 
been  destroyed  by  local  disease — ^pince  the  disruptive  pressure  is 
concentrated  upon  a  smaller  number  of  vessels — or  when  lesions 
of  the  vessels,  atheroma,  for  instance,  have  diminished  their 
power  to  resist  centrifugal  pressure.  Important  in  this  con- 
nection, however,  is  the  fact  that,  contrary  also  to  the  prevailing 
opinion,  there  is  ground  for  the  belief  that  hypertrophy  of  the 
adrenal  secretory  tissues,  which  has  been  observed  by  Langlois, 
Charrin,  Petit,  Stilling,  and  others  in  animals  (see  page  36) 
under  the  influence  of  injected  poisons,  does  not  appear  to  exert 
any  compensative  influence  when  local  disease  has  destroyed 
any  part  of  the  medullary  zone  of  the  gland. 

As  shown  by  Langlois,  Gourfein,  and  others,  mammals  con- 
tinue to  live,  when  all  but  one-eleventh  of  their  adrenals  had 
been  extirpated — or  destroyed  by  cautery  or  disease  we  might 
add  —  tliat,  imless  some  compensative  action  or  some  accessory 
organ  be  present,  death  occurs  when  this  limit  of  normal  ad- 
renal substance  is  reached.  It  seems  logical,  therefore,  that,  were 
the  medulla  itself  capable  of  assuming  compensatory  activity, 
so  large  a  supply  for  emergencies  (the  nature  of  which  will  be 
described  later  on)  would  hardly  have  been  provided.  If 
analogy  be  again  accepted  as  guide,  other  organs  do  not  com- 
pensate for  what  insuflBciency  organic  disease  may  produce  in 
them  by  overtaxing  remaining  normal  structures;  collateral 
chromaflSn  tissues,  supernumerary  or  accessory  organs,  vicarious 
functions,  and  hypertrophy  being  all  added  elements,  thus  con- 
stituting either  auxiliary  resources  per  se  or  auxiliary  resources 
plus  compensative  growth.    Even  in  the  case  of  the  organs 
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of  special  sense^  where  the  loss  of  one  organ  imposes  all  the 
physiological  labor  upon  the  other,  the  existing  tissues  are  not 
overtaxed;  they  are  brought  to  their  highest  proficiency  by  the 
increase  of  nutrition  which  the  additional  functional  use  in- 
volveft.  Whatever  evidence  we  have,  therefore,  tends  to  show 
that  the  remaining  normal  structures  of  a  diseased  adrenal  are 
not  replaced  by  new  adrenal  tissue,  and  that  they  are  increasingly 
exposed  to  disruptive  congestion  as  the  local  morbid  process 
advances. 

It  is  because  of  this  that  adrenal  hsBinorrhage  is  observed 
with  relative  frequency  in  Addison^s  disease.  Moreover,  Laba- 
zine^'  found  experimentally  that  lesions  of  the  adrenals  showed 
that  these  organs  possessed  very  little  regenerative  power.  When 
large  portions  of  the  glands  were  excised  no  restoration  of 
parenchyma  occurred. 

Toxics  which  Produce  Congestion  or  Venous  Stasis 
IN  THE  Adrenals. — ^The  list  of  disorders  to  which  adrenal 
haemorrhage  has  been  attributed  is  steadily  increasing.  Pneu- 
monia, diphtheria,  thrush,  variola,  scarlatina,  tuberculosis, 
meningitis,  cancer,  septicaemia,  purpura,  uraemia,  asphyxia 
(toxic  wastes),  burns  (toxic  wastes  and  detritus),  typhoid,  jaun- 
dice and  eclampsia  seem,  however,  to  stand  out  most  prominently 
— all  of  which  present  as  militant  agent  either  a  toxin  or  some 
toxic  intermediate  waste.  The  effect  of  burns  is  illustrated  bv 
Arnaud^s  case,  in  which  sudden  death  followed  a  burn  of 
the  arm.  Andrewes's  case,  in  which  death  occurred  36  hours 
after  the  first  s>Tnptoms  of  an  acute  disease  which  he  thought 
bore  some  points  of  resemblance  to  ha^morrhagic  small- 
j)ox,  also  illustrates  this  class.  In  fact,  instances  such  as 
Andrewes's  have  so  often  been  noticed  by  clinicians  that  Still'** 
has  proposed  a  distinct  category  of  cases  in  which  "after  an 
acute  illness  lasting  only  two  or  three  days,  usually  with  a 
purpuric  or  bullous  eruption,"  death  occurs,  "and  the  supra- 
renal lesion  appears  to  be  a  part  of  the  fatal  issue." 

That  general  intoxication  can  thus  act  as  an  original  cause 
of  haemorrhage  has  been  shown  experimentally.     Thus,  Eoger^^ 

"  Labazine:     Arch,    des    Sclencc-s    Biologlques    de    St.    Petersbourg,    p.    249, 
vol.  xl.  190r.. 

"Stni:     Lancet,   May  7,   1898. 

■»  Roger:     Berliner  klin.  Wochcnschrift,  Jan.  21,  1894. 
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found  that  inoculation  of  the  guinea-pig  with  a  culture  of  the 
pneumobacillus  of  Friedlander  was  followed  by  profuse  haem- 
orrhage into  both  capsules,  the  blood  actually  bursting  through 
the  great  capsular  vein,  or  causing  necrosis  of  the  surrounding 
elements  by  mechanical  compression.  Langlois*^®  also  demon- 
strated that  suprarenal  haamorrhage  could  be  brought  on  by 
the  bacillus  pyocyaneus.  Charrin'^^  found  that,  by  injecting 
diphtheria  toxins  into  guinea-pigs,  congestion — which  in  some 
instances  reached  the  haemorrhagic  stage — ^was  not  alone 
caused,  but  he  also  observed  that  small  doses  used  repeatedly 
and  during  prolonged  periods  caused  hypertrophy  of  the  or- 
gans. Petit'^'*  also  noted,  after  introducing  Loffler  bacilli  in 
fishes  in  which  the  suprarenal  structure  is  clearly  glandular, 
that  all  the  phases  of  excessive  reaction  could  be  brought  on. 
Haemorrhagic  foci  were  found  by  Wybauw*^"  in  the  adrenals  of 
a  child  which  had  died  of  broncho-pneumonia  the  result  of  a 
tracheotomy  for  croup.  Kiesmann  found  the  staphylococcus 
aureus  and  albus,  and  Hamill  and  Dudgeon  the  pneumococcus. 

That  the  functions  of  the  adrenals  are  actually  inhibited  by 
these  various  pathogenic  agencies  has  been  shown  in  various 
ways.  Mott  and  Halliburton,  for  example,  found  that  after 
death  from  exhausting  diseases  the  proportion  of  active  principle 
present  in  the  adrenals  was  either  absent  or  greatly  reduced. 
By  ascertaining  the  relative  proportion  of  chromaflBn  granules 
in  the  adrenals  of  50  adults  who  had  died  of  various  diseases. 
Bainbridge  and  Parkinson"®  were  able  to  note  the  absence  of  the 
agent  in  the  medulla  of  the  organs  of  cases  which  had  died  of 
infectious  diseases,  peritonitis,  shock,  or  where  a  low  blood-pres- 
sure had  existed.  Luksch®®*  ascertained  the  degree  of  functional 
disturbance  caused  in  the  adrenals  by  disease,  by  ascertaining 
the  relative  pressure-raising  power  of  their  extracts.  While 
certain  conditions,  starvation,  simple  fever,  did  not  show  any 
material  change  in  this  direction,  various  infectious  diseases, 
uraemia  and  phosphorus  poisoning,  caused  the  extracts  not  to 
display  the  normal  pressure-raising  property. 

"Langlois:     Le  BuUetin  Medical.  Feb.  7.  1S94. 
"  Ctaarrin:     La  Semaine  M6dicale,  June  3.  1896. 
"Petit:    La  Semaine  MMicale,  June  3,  1895. 

■•Wybauw:     Annales  de  la  Socl6t6   Royale  dee   Sciences  MM.   et  Nat.   de 
Bruxelles.  vol.  vi.  Nob.  2  and  3,  1897. 

*>Balnbiidge  and  Parkinson:    British  Med.  Jour.,  May  11,  1907. 

»•  Lukflch:    Wiener  kllnlsche  Wochenschrlft.  B.  xvil.  No.  14.  April  6.  1905. 
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Of  course,  a  certain  proportion  of  these  cases  may  be  attrib- 
uted to  exhaustion  of  the  glands  during  the  course  of  the 
disease.  That  the  morbid  effects  are  mainly  due  to  excessive 
variations  of  the  blood-pressure  is  suggested  by  the  location  of 
the  organs,  the  richness  of  its  blood-vessels,  especially  of  its 
veins,  the  proximity  of  the  inferior  vena  cava,  which  receives  the 
blood  almost  directly  from  the  gland  on  the  right  side.  Pressure 
during  labor  upon  the  inferior  vena  cava  and  the  suprarenal 
gland,  located,  as  they  are,  between  the  liver  anteriorly  and  the 
vertebral  column  posteriorly,  may  also  give  rise  to  congestion  of 
the  vessels  of  the  glands  and  result  in  haemorrhage. 

Various  drugs  may  bring  on  hyperaemia,  congestion,  and 
ha?morrhage  of  the  suprarenal  glands,  as  shown  by  Pilliet,®***  who 
observed  these  phenomena  after  the  use  of  nitrate  of  uranium. 
Essence  of  cloves  has  also  been  found  capable  of  stimulating 
them  to  such  a  degree  as  to  bring  on  macroscopically  visible 
lesions. 

On  the  whole,  the  conclusion  seems  warranted  that  so  many 
toxic  substances  cause  adrenal  hcemorrhage  thai  a  common  effect 
of  all  these  poisons  on  the  general  blood-pressure,  sufficient  to 
cause  actwe  or  passive  congestion  or  venous  stasis  in  the  adrenals, 
is  necessary  to  explain  the  genesis  of  this  class  of  cases. 

Increased  Functional  Activity  of  the  Adrenals  as 
A  Predisposing  Cause  of  Adrenal  H.^morriiaoe. — The  view 
that  tlie  adrenal  specific  principle  itself  possesses  antitoxic 
powers  has  suggested  to  those  who  have  accepted  it  the  con- 
clusion that  a  high  degree  of  toxaemia,  by  overtaxing  the  organs, 
caused  congestion,  and,  if  this  reached  beyond  certain  limits, 
haemorrhage.  This  conception  was  mainly  based  on  the  view 
of  Brown-Sequard,  who  was  led,  by  the  toxic  effects  of  blood 
taken  from  decapsulatod  animals  upon  normal  ones,  to  ascribe 
to  the  glands  themselves  a  direct  antitoxic  function.  It  met 
with  further  support  in  the  fact  that  violent  toxa}mia  invariably 
follows  the  removal  of  both  organs,  and  was  therefore  accepted 
bv  manv  investigators.  It  was  also  maintained  bv  Dubois,®^ 
who,  having  isolated  toxic  alkaloids  from  adrenal  substance 
identical  in  some  of  their  reactions  with  muscle-toxins,  concluded 


**  Piniet:    Le  BuUetln  MMical,  Feb.  7.  1891. 

•»  Dubois:    Archives  de  Physiologie  norm,  et  path.,  vol.  vill,  1896. 
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that  the  adrenals  occluded  products  of  organic  waste  and  modified 
them  in  situ,  but  that  they  did  not  seem  to  secrete  any  special 
substance  destined  to  enter  the  circulation.  This  view  has  not 
withstood  any  degree  of  close  scrutiny.  The  destruction  of 
poisons  within  the  adrenals  themselves  involves  the  passage  of 
the  systemic  blood  through  their  cellular  elements.  When  in  the 
cadaver  we  note  the  relative  dimensions  of  all  the  vessels  within 
a  narrow  radius  of  the  adrenals,  it  becomes  apparent  that  the 
conditions  are  not  such  as  to  indicate  a  provision  for  the  passage 
of  the  blood  through  these  organs.  Moreover,  if  the  adrenals 
were  intended  to  destroy  toxics  in  the  blood  traversing  them,  the 
•  afferent  channels  would  normally  contain  blood  from  all  parts 
of  the  organism  and  charged  with  toxic  elements,  while  the 
efferent  channels  would  convey  the  purified  blood  charged  with 
the  suprarenal  secretion  to  the  heart,  ready  for  redistribution. 
Instead  of  this  the  afferent  vessels  receive  their  blood  from  the 
aorta, — arterial  blood, — ^while  the  efferent  vessels  pour  their 
blood  into  the  vena  cava.  But,  as  shown  by  Alezais  and 
Arnaud®^  in  1890,  this  blood  is  also  arterial.  We  thus  have  a 
short  arterial  circuit,  or  loop,  which,  besides  furnishing  the 
adrenals  their  intrinsic  and  functional  blood-supply,  evidently 
has  for  its  purpose  the  immediate  return  to  the  general  cir- 
culation of  a  small  quantity  of  arterial  blood  charged  with  what 
Claude  Bernard  (1867)  has  well  termed  an  "internal  secretion." 
More  in  keeping  with  experimentally  established  facts  are 
the  views  which  attribute  to  the  secretion  itself,  when  in  the 
blood-stream,  the  antitoxic  functions  referred  to.  Thus, 
Abelous  and  Langlois,®'  after  a  series  of  careful  experiments, 
reached  the  conclusion  that  their  normal  function  was  to 
elaborate  an  internal  secretion  capable  of  neutralizing  or  de- 
stroying the  poisonous  substances  resulting  from  muscular 
contractions:  a  fact  further  demonstrated  to  them  by  the 
mitigating  effects  of  injected  suprarenal  extract.  Some  years  * 
later  these  observers®*  amplified  their  views  and  concluded  that, 
after  removal  of  both  adrenals,  there  was  a  true  auto-intoxi- 
cation, the  animals   generating  poisons  which  were  normally 

**  Alezais  and  Arnaud:     Quoted  by  Arnaud,  loc.  cit.,  p.  34. 
**  Abelous  and  Langlois:    Archives  de  Physiologie  norm,  et  path.,  vol.  Ill,  p. 
267,  1892. 

M  Abelous  and  Langlois:     "Travaux  de  Laboratoire,"  Lancet,  Aug.  20,  1898. 
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either  destroyed  or  changed  in  the  interior  of  the  glands  or 
by  material  formed  by  the  organs  and  poured  into  the  blood. 
The  poisons^  they  thought,  were  probably  products  of  muscular 
activity  and  also  of  bacterial  origin,  and  exerted  a  special  in- 
fluence on  the  heart  and  circulatory  system.  Mosse®*  also  be- 
lieved that  the  adrenals  produced  a  stimulating  substance  and 
that  they  could  simultaneously  neutralize  poisons  formed  in 
various  parts  of  the  organism. 

Seasoning  by  analogy,  we  can  surmise  that  the  metabolism 
of  the  organs  is  principally  maintained  by  the  passage  of  blood 
through  them  and  that  the  internal  secretion  represents  the 
physiological  product  of  their  metabolism.  Under  these  cir- 
cumstances, the  quantity  of  blood  in  them  at  a  given  time 
would  stand  as  the  controlling  factor,  the  quantity  of  active 
principle  secreted  into  the  general  circulation  being  propor- 
tionate to  this  quantity.  Have  we  any  ground  for  the  belief 
that  the  circulation  alone  may  keep  up  the  suprarenal  func- 
tions? The  experiments  of  Soddu*®  seem  to  throw  light  upon 
this  question.  In  order  to  ascertain  the  role  of  the  suprarenal 
peripheral  nerves,  this  investigator  isolated  the  glands  of  sev- 
eral dogs  from  their  external  connections,  leaving  only  the 
blood-vessels.  Although  eight  animals  were  submitted  to  this 
operation,  none  died,  and  all,  after  a  few  dayp,  were  in  their 
normal  health.  It  is  evident  that,  if  the  blood  alone  can  thus 
sustain  the  life  of  the  organs,  an  increased  flow  into  them — 
under,  perhaps,  the  influence  of  toxic  blood  upon  the  centers 
of  their  ner\'e-supply — will  involve  a  corresponding  increase 
of  functional  activity.  That  very  large  or  overwhelming  doses 
of  any  poisonous  agency  should  produce  the  contrary  effect  and 
arrest  the  functions  of  the  adrenals  by  annihilating  those  of 
their  center  is  suggested  by  the  pathogenesis  of  suprarenal 
haemorrhage. 

Still,  this  involves  the  existence  of  an  intrinsic  nervous 
supply  capable  of  producing  an  increased  flow  of  blood  into 
the  glands  under  the  stress  of  an  acute  toxjcmia  and  a  corre- 
sponding increase  of  vascular  tension.  By  suddenly  calling  the 
suprarenal   functions   into   violent   activity,   an   excessive   dose 


«  MoBse:    Fortschritte  der  Medicine,  No.  21,  1897. 
M  Soddu:     Lo  Sperimcntale,  No.  2,  1898. 
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would  thus  paralyze  them  or  cause  what  Amaud  has  tenned 
"suprarenal  apoplexy":  i.e.,  intrinsic  haemorrhage.  To  ascer- 
tain whether  such  a  nervous  influence  can  exist,  and,  if  it  does, 
whether  a  poison  can  stimulate  the  glands  through  the  latter's 
nerve-supply,  is  necessary  before  further  progress  can  be  made. 

Biedl*^  studied  the  effects  of  various  poisons,  particularly 
atropine,  to  ascertain  whether  they  influenced  the  character 
or  quantity  of  suprarenal  secretion,  and  obtained  negative  re-' 
suits.  But  can  this  be  said  to  apply  to  all  poisons?  A  close 
analysis  of  this  physiologist's  work  has  led  me  to  interpret  his 
experiments  in  a  manner  that  is  not  in  accord  with  his  con- 
clusion. He  states  that  he  found  blood-pressure  to  be  increased 
in  the  organ  by  the  interruption  of  artificial  respiration.  This 
interruption  appears  to  me  to  point  to  an  accumulation  in  the 
organism  of  products,  of  metabolism,  and  therefore  of  poisons  of 
a  class  which  stand  out  prominently  as  the  basis  of  phenomena 
that  promptly  end  in  death.  That  products  of  metabolism  may 
with  justice  be  considered  as  toxic  is  shown  by  a  detail  in 
Langlois's  work,  the  importance  of  which  .does  not  seem  to 
have  attracted  suflScient  attention:  While  decapsulated  frogs 
died  in  48  hours  during  summer  months,  they  lived  12  days 
in  the  winter,  i.e.,  during  hibernation,  when  metabolic  proc- 
esses are  at  their  lowest  ebb.  It  required  a  certain  ratio  of 
toxic  elements  to  the  body-weight  to  bring  on  the  culminating 
phenomena;  the  "fatal  dose"  was  made  up  in  48  hours,  in 
summer, — i.e.,  when  the  full  activity  and  proportionate  catab- 
olism  prevailed;  the  same  relative  dose  could  only  be  made 
up  in  six  times  48  hours  when  hibernal  lethargy  reduced  tissue- 
waste  in  proportion.  Thus,  Biedl's  experiments  are  not  nega- 
tive in  this  direction,  as  he  deemed  them  to  be.  They  appear 
to  me  to  suggest  that,  as  will  be  shown  in  these  pages,  all  toxics 
do  not  influence  the  adrenals  with  equally  marked  activity. 

Biedl  also  found  that,  when  the  splanchnic  nerve  was  cut 
and  the  suprarenal  branches  were  stimulated,  hyperaemia  ap- 
peared in  fhe  organs.  Howell  refers  to  the  striking  evidence 
afforded  by  the  effects  of  electrical  stimulation.  If,  after  cut- 
ting the  splanchnic  nerve  and  introducing  a  cannula  into  the 
suprarenal  vein,  the  blood  is  collected  and  the  peripheral  end 

•»Bledl:     PflUger'a  Archlv,  vol.  Ixvli,  H.  9  and  10,  1897. 
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of  the  cut  nerve  is  stimulated^  the  quantity  of  blood  obtained 
in  a  definite  time  is  not  increased^  but  it  is  found  to  contain 
more  of  the  blood-pressure-raising  substance :  a  fact  which  indi- 
cates that  its  secretory  activity  is  increased.  He  therefore  con- 
cludes that  the  adrenals  act  as  true  glands,  and  that  they  are 
provided  with  a  reflex  mechanism  corresponding  to  that  of  the 
latter.  Biedl  also  expressed  his  conviction  that  secretory 
fibers  as  well  as  vasodilator  fibers  are  present  in  the  splanchnic 
nerves.  Dogiel'*  likewise  found  that  the  medullary  nerves 
form  complicated  plexiform  arrangements  which  terminate 
upon  the  surface  of  the  glandular  elements,  and,  furthermore, 
that  the  nerve-cells  in  no  way  differ  from  those  of  any  sym- 
pathetic ganglion. 

This  experiment  tends  to  show,  and  additional  labors 
have  only  served  to  emphasize  their  soundness,  that  the  functions 
of  the  adrenals  are  governed  by  the  splanchnic  nerve.  We  are 
thus  brought  to  conclude  that,  in  keeping  with  many  important 
functions,  those  of  the  adrenals  are  regulated  by  some  center 
(which  I  will  describe  farther  on)  somewhere  in  the  cerebro- 
spinal axis.  Again,  we  learn  that  stimulation  of  this  nerve 
increases  the  functional  activity  of  the  adrenals  without 
increasing  the  volume  of  blood  given  out  by  the  gland  with 
the  secretion.  But  as  shown  by  Claude  Bernard,  it  is  by 
augumenting  the  blood  supplied  to  a  gland  that  its  functions  are 
enhanced ;  and  it  happens  also  that  it  is  not  in  the  secreting 
elements  that  the  haemorrhages  into  the  adrenals  occur,  but 
mainly  in  the  cortical  zone.  This  indicates  that  the  blooJ-j^troams 
which  serve  to  increase  the  secretory  activity  or<?ans  do  not  yield 
their  blood  through  the  vessels  which  transfer  the  adrenal  secre- 
tion to  the  inferior  vena  cava.  We  have  such  vessels — which, 
unlike  the  veins  to  the  latter,  carry  venous  blood — in  the  many 
veins  which  the  adrenals  send  to  the  renal  veins. 

The  bulk  of  evidence,  therefore,  tends  to  show  that  increased 
functional  activity  of  the  adrenals  being  attended  by  an  increased 
supply  of  blood  to  these  organs,  it  must  be  considered  among 
the  predisposing  causes  of  adrenal  hcemorrhage. 

But  we  have  seen  also  tliat  the  splanchnic  contains  the 
secretory  nerves  to  the  adrenals,  and  that  this  implicates  the 

••Doglcl:    Archly  f.  Anatomie  und  Physiologie,  p.  90,  1894. 
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existence  of  some  governing  center  for  these  organs.  When  we 
add  to  this  the  antitoxic  properties  of  the  adrenal  secretion,  it 
appears  possible  at  least  that  it  is  partly  by  exciting  the  adrenal 
center  thai  various  poisons  predispose  the  adrenals  to  hcemar- 
rhage,'  the  purpose  being,  as  we  shall  see,  to  augment  the  anti- 
toxic power  of  the  blood. 

Passive  Congestion  of  the  Adrenals  by  Topics  which 
Depress  the  Blood-pressure. — Oliver  and  Schafer,  by  plethys- 
niographic  observations  upon  the  limbs  and  spleen,  found  that 
injections  of  suprarenal  extract  produced  great  vascular  con- 
striction, chiefly  in  the  splanchnic  area.  That  deficiency  of 
suprarenal  secretion  in  the  organism  should  produce  the  opposite 
result  in  the  same  region  is  shown  by  the  fact  that  removal  of 
the  adrenals  is  followed  by  relaxation  of  the  same  great  vascular 
channels. 

This  central  engorgement  of  suprarenal  origin — ^greatly 
accentuated  through  the  fact  that  "vessels  supplied  with  a  mus- 
cular coat  and  capillaries  are  antagonistic  in  contraction  and 
dilation" — seems  far  reaching  in  its  application.  The  symptoms 
of  acute  arsenic  poisoning  will  serve  to  illustrate  this  fact. 

As  a  result  of  the  central  accumulation  of  blood,  the  ex- 
tremities and  peripheral  tissues,  more  or  less  depleted  of  theirs, 
are  cold;  the  muscles,  also  deprived  of  the  greater  part  of 
their  blood,  lose  their  power;  the  tension  upon  the  abdominal 
vessels  and  neighboring  structures,  including  the  unusually 
rich  nervous  net-works,  produces  the  intense  abdominal  pain ; 
engorgement  of  the  intestinal  vessels  gives  rise  to  copious 
diarrhoea,  which  by  causing  reduction  of  liquids  tends  to  reduce 
the  renal  secretion  and  sometimes  to  cause  anuria.  The  de- 
pletion of  the  cerebral  vessels  accounts  for  the  syncope,  and 
the  auto-intoxication,  through  accumulation  of  waste-products, 
for  the  convulsions.  These  phenomena  recall  so  clearly  the 
symptoms  that  follow  removal  of  the  adrenals  that  we  cannot 
but  suspect  that  arsenic  must  in  some  way  arrest  the  functions 
of  these  organs. 

Still,  while  the  various  morbid  conditions  outlined  account 
for  the  symptoms  recorded,  closer  investigation  soon  shows  that 
they  are  only  satisfactory  as  far  as  they  go,  and  that  some 
features  of  the  symptom-complex  are  not  fully  met.     Thus, 
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general  relaxation  of  the  vascular  Bystcm  means  sudden  in- 
crease of  caliber  of  all  vessels,  and,  therefore,  a  corresponding 
increase  of  area  for  the  blood.  Why  should  it,  under  these 
circumstances,  accumulate  in  the  larger  trunks?  Why  should 
it  not  merely  lie  dormant  in  the  relaxed  vessels  evenly  dis- 
tributed throughout  them  all?  Again,  gravitation  prevails  in 
our  body  precisely  as  it  does  elsewhere.  Why  should  the  blood 
not  fill  the  vessels  of  the  lowest  levels  of  the  organism  and  the 
back,  the  nates,  the  calves,  and  the  heels  of  the  recumbent 
[latient  become  hypostatically  congested,  red,  and  hot,  while 
his  toes,  knees,  abdomen,  and  face,  blanched  and  cold,  reveal 
by  their  pallor  and  coldness  the  total  absence  of  blood,  which 
has  gone  to  find  its  level  ?  Instead  of  this  the  entire  surface  is 
frigid  and  blanched;  the  lowest  portions  of  the  body  as  well 
as  the  uppermost  show  that  all  the  peripheral  capillaries  are 
depleted  and  collapsed,  the  blood  in  them  having  been  drawn 
internally:  i.e.,  toward  the  great  abdominal  trunks.  Again, 
the  intensity  of  the  pain  seems  to  indicate  not  mere  engorge- 
ment, but  inordinate,  disruptive,  centrifugal  pressure,  for 
which  mere  relaxation  of  the  vascular  walls  cannot  account. 

On  the  whole,  we  are  forced  to  conclude  that  there  must 
be  an  overpowering  display  of  centripetal  flux  from  the  pe- 
ripheral capillaries,  arterial  and  venous,  as  soon  as  tlic  vaso- 
constrictor moclianism  fails  to  hold  the  central  vascular  walls 
up  to  their  normal  tone.  That  it  is  mechanical  is  suggested  by 
its  mode ;  that  it  enters  into  the  domain  of  hvdrokinetics  is 
evident;  and  that  loss  of  the  normal  equipoise  between  two 
forces  forms  the  basis  of  the  process  affirms  itself  on  all  sides. 
The  solution  of  the  problem  suggests  itself  when  we  recall, 
besides  the  fact  that  the  total  sectional  area  of  the  capillaries 
is  seven  hundred  times  that  of  the  aorta,  the  manner  in  which 
the  capillaries  are  affected  when  muscular  vessels  are  dilated. 
Tlie  blood  in  them,  as  we  have  seen,  is  compressed  by  the 
resiliency  of  their  walls  and  other  tissue  surrounding  them, 
and  literally  floods  the  abdominal  organs.  Indeed,  the  pr- 
rifthrml  system  contnins  as  mnny  sources  of  pressure  as  thvrr 
are  capxUary  iuhes  hi  It — enough  many  times  to  account  for 
all  tlic  mooted  points  just  reviewed. 

To  illustrate  the  violence  of  the  power  exerted  in  this  con- 
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nection,  I  may  refer  to  the  principle  of  hydrokinetics, — ^Pas- 
cal's principle; — which  underlies  the  whole  mechanical  process. 
This  physicist  completely  filled  a  strong  cask  with  water,  closed 
it  hennetically,  then  inserted  the  end  of  a  long,  narrow,  and 
close-fitting  glass  tube  through  a  hole  in  one  of  the  staves. 
Into  the  upper  end  of  the  tube,  which  stood  upright,  he  then 
slowly  poured  water.  Long  before  the  tube  had  been  filled  the 
cask  burst,  owing  to  the  excessive  pressure  within  its  walls. 
How  was  this  pressure  exercised?  **The  pressure  of  a  fluid 
being  due  to  its  weight,"  the  pressure  in  the  upper  layers  of 
the  water  in  the  tube  was  slight,  while  that  in  its  lower  layers 
had  increased  in  proportion  with  its  distance  from  the  top, 
since  "pressure  at  any  point  in  a  liquid  varies  as  its  depth." 
"A  pressure  exerted  on  a  fluid  inclosed  in  a  receptacle"  being 
"transmitted  undiminished  to  every  part  of  that  receptacle, 
and  the  total  pressure  exerted  on  the  interior  of  the  latter" 
being  "equal  to  the  area  multiplied  by  the  pressure  per  unit 
of  area,'*  a  centrifugal  display  of  force  occurred — ^which  far 
surpassed  the  resistance  of  the  cask,  and  it  had  to  yield.  The 
hydraulic  press,  by  means  of  which  the  hand  of  a  child  can 
break  a  steel  rail,  is  based  upon  this  principle. 

These  principles  prevail  in  the  human  organism  precisely 
as  they  do  elsewhere  in  Nature.  In  the  large  vascular  trunks 
of  the  abdomen,  abdominal  and  thoracic  viscera,  etc.,  we  have 
closed  channels  typifying  the  cask;  in  the  narrow  muscular 
vessels  leading  to  them  we  have  a  multitude  of  conduits  por- 
traying the  glass  tube.  Finally,  we  have  the  aggregate  of  pres- 
sure of  millions  of  contractile,  resilient  capillary  vessels  con- 
taining a  mass  of  blood  (so  great  in  comparison  to  the  larger 
vascular  structures  that  these  have  been  considered  as  sub- 
sidiaries to  the  capillary  system)  to  represent  the  gobletful 
of  water  with  which  Pascal  indirectly  caused  explosion  of  his 
cask.  That  we  have  ample  power  to  account  for  the  symptoms 
mentioned  is  evident.  It  also  accounts  for  suprarenal  hasm- 
orrhage  when  violent  toxasmia  is  present.  The  rich  vascular 
supply  of  the  organs  is  well  shown  in  the  annexed  colored  plate 
prepared  by  J.  M.  Flint  in  the  course  of  an  exhaustive  study 
of  their  anatomy,  and  published  in  the  Johns  Hopkins  Hospital 
Reports. 
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Obyioosly  the  application  of  this  principle  is  subject  to 
limitationfl  which  the  volume  of  blood  accumulated  in  the  ves- 
fiels  of  the  trunk  impose.    Admitting^  for  purposes  of  illustra- 
tion, that  all  the  blood  of  the  organism  has  been  forced  into 
the  interior  of  the  body,  its  mass  represents  a  fixed  area  which 
the  yarious  internal  structures  must  furnish.    Thus^  while  the 
large  vascular  trunks  bear  the  brunt  of  the  pressure^  all  the 
neighboring    organs,   including   their   capillaries^    become    en- 
gorged in  proportion  as  the  quantity  of  blood  added  to  their 
normal  contents  is  great.    In  other  words^  the  blood  accommo- 
dates itself  to  any  room  it  can  find  after  the  larger  vascular 
trunks  are  engorged,  whether  it  be  in  a  blood-vessel  or  a  viscus. 
Thus,  Boinet,  in  45  of  his  59  decapsulatcd  rats^  found  hsam- 
orrhage  in  the  lungs  in  16,  in  the  spleen  in  41,  in  the  thyroid  in 
13,  in  the  thymus  in  11,  in  the  kidneys  in  8,  in  the  liver  in  5,  and 
in  the  spinal  cord  in  5. 

All  this  further  emphasizes  the  practical  bearing  of  the 
postulate:  ^^essels  supplied  with  a  muscular  coat  and  capil- 
laries are  antagonistic  in  contraction  and  dilation.'^  It  illus- 
trates, furthermore,  the  importance  of  remembering  that  those 
toxins  and  other  poisons  which  cause  accumulation  of  blood  in 
the  splanchnic  area  also  cause  passive  congestion  of  the  adrenal 
vessels  owing  to  the  proximity  of  these  channels  and  their  direct 
relations  with  this  area.  This  would  occur  for  example  with 
curarine,  of  which  Tillie"  writes:  "Witli  larger  doses  there  is 
dilation  of  the  abdominal  vessels  and  hence  accumulation  of 
blood,  little  or  nothing  of  this  fluid  entering  the  empty  ventricle, 
notwithstanding  that  the  heart  may  continue  to  heat. 

When,  therefore,  we  are  dealing  with  infections  such  as 
Asiatic  cholera,  true  cholera  infantum,  the  anaemias,  and  other 
disorders  in  which  extreme  pallor  prevails ;  or  in  acute  intoxica- 
tion by  arsenic,  chloral,  alcohol,  ptomaines,  the  coal-tar  auto- 
pyretics  and  other  agents  which  also  provoke  cutaneous  pallor, 
there  is  good  ground  for  the  belief  that,  in  addition  to  the 
recession  of  blood  to  the  deep  channels  of  the  splanchnic  area, 
and  into  the  viscera,  including  the  adrenals,  we  should  take  into 
account  PascaPs  hydrokinetic  principle.  Indeed,  we  are  not 
dealing  here  with  a  single  stream,  as  in  the  experiment  referred 

••TUlle:    Medical  Clironicle.  March,  189L 
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to,  hut  with  a  multitude  of  streams  derived  from  all  the  pe- 
ri plienil  capillaries  of  the  body.  Moreover,  we  have,  as  an  addi- 
tional factor  tending  further  to  project  the  blood  inwardly,  the 
rcsilii'iuy  of  the  peripheral  arterioles  when  the  blood-stream 
I'assiiig  through  them  is  insufficient  to  cause  them  to  retain  their 
normal  relative  caliber. 

All  these  mechanical  factors  added  to  the  passive  hyper- 
a'mia  incident  upon  the  accumulation  of  blood  in  the  splanchnic 
area  seem  clearly  to  expose  the  adrenals  to  a  degree  of  centrifugal 
pressure  at  least  equal  to  that  produced  by  marked  elevation  of 
the  gonoral  blood-pressure.  It  seems  permissible  to  conclude, 
tluTofore,  (1)  that  the  adrenals  may  become  passively  congested 
htf  the  avcumulai'wn  of  blood  in  the  splanchnic  area  and  the 
abdominal  visrera,  caused  by  toxins  and  other  poisons  and  drugs 
which  markedly  lower  the  blood-pressure,  and  (2)  thai  the 
du<ruptive  power  of  this  adrenal  congestion  is  enhanced  by  the 
centripetal  pressure  of  the  peripheral  blood  (Pascal's  principle) 
and  also  by  the  pressure  due  to  the  resiliency  of  the  peripheral 
blood-vessels. 

The  heart,  lungs  and  brain  being  correspondingly  despoiled 
of  blood,  their  functions  are  inhibited  in  proportion. 

1)k(iknkiiativb  Effects  of  Toxins  and  other  Poisons 
ON  THE  Aduenai^. — This  is  another  factor  which  must  be  taken 
into  account,  especially  where  toxins  are  concerned.  They  show 
a  wide  range  of  selective  power,  and,  in  keeping  with  all  suffi- 
cienily  active  ]>oisons,  are  capable  of  irritating  tissue  cells  and  of 
causing  necrosis  and  degeneration. 

Before  studying  the  manner  in  which  the  adrenals  react 
und(»r  the  influence  of  these  poisons,  it  may  be  well  to  illustrate 
the  prinuiry  steps  of  the  process  in  accord  with  previously  sub- 
mit hul  conclusions,  viz.,  the  hypera^mia  and  the  absence  of  patho- 
genic organisms  in  the  glands  proper.  Ben6  Wybauw,  for 
example,'®  injected  diphtheria  toxin  into  the  peritoneal  cavity 
of  a  large  number  of  guinea-pigs,  causing  death  within  three 
days.  In  all  these  animals  the  adrenals  had  become  somewhat 
enlarged  and  showed  intense  hypera»mia,  the  central  vein  being 
particularly  engorged.     In  one  of  the  animals  the  disease  fol- 


^  Ron6  Wybauw:    Annaloa  do  la  Soci^t^^  Royale  des  Sciences  M6d.  et  Nat.  de 
DruxoHoB,  vol.  vl,  p.  134,  Nos.  2  and  3,  1897. 
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examined  microscopically  the  adrenals  of  a  guinea-pig  killed  with 
cholera  germs,  but  in  this  connection  he  says:  "The  adrenals 
are  the  seat  of  much  less  pronounced  changes  than  those  of  the 
diphtheric  guinea-pig.  They  are  redder  than  normal.  But  the 
examination  shows  lesions  which  must  certainly  be  produced  by 
the  same  mechanism.  The  cells  are  irregular,  the  nucleus  having 
lost  in  places  its  characteristic  structure,^'  etc.  In  a  case  of 
broncho-pneumonia  following  tracheotomy  for  diphtheria,  he 
was  able  to  note  the  same  changes  that  he  had  observed  in  the 
diphtheric  rabbits  and  choleraic  guinea-pigs,  but  less  marked, 
the  patient  having  died  of  the  concomitant  disease  before  the 
diphtheric  process  had  become  far  advanced. 

Amaud,^*  in  a  case  of  suprarenal  haemorrhage  associated 
with  liver-abscess,  also  found  lesions  in  the  suprarenal  medulla 
characterized  by  cellular  degeneration,  granular  disintegration, 
etc.:  i.e.,  a  general  necrobiosis  of  septic  origin.  If  to  these 
results  we  add  those  of  Andrews  and  Colman,  referred  to 
above,  it  would  seem  permissible  to  conclude  with  Wybauw, 
that  bacterial  toxins  possess  a  direct  irritative  action  upon 
adrenal  tissue. 

But  this  observer  ascribes  to  the  adrenals  a  special  sen- 
sitiveness to  the  influence  of  diphtheric  toxins.  While  this  may 
be  true,  it  is  more  likely  that,  inasmuch  as  a  specific  toxin 
does  not  produce  a  characteristic  lesion  in  them,  the  phe- 
nomena witnessed,  histological  and  symptomatic,  should  rather 
be  considered  as  expressions  of  excessive  stimulation  or  ex- 
haustion of  these  organs  common  to  all  toxins.  The  various 
toxins  differ  in  potency  precisely  as  do  other  poisons;  it  is  also 
self-evident  that  various  poisons  must  affect  the  adrenals  in 
proportion  as  their  virulence  and  dose  are  great. 

The  common  action  of  various  toxins  is  suggested  by  other 
facts.  Thus,  Langlois  and  Charrin^^  invariably  noted  hy- 
pertrophy of  the  suprarenal  tissues  after  the  prolonged  use  of 
diphtheric  toxins  in  small  quantities,  in  guinea-pigs.  In  one 
of  the  animals  the  organs  had  increased  to  over  four  times 
their  normal  size.  The  same  phenomena  followed  injections 
of  Bacillus  pyocyaneus.    Petit^®  also  found  hypertrophy  to  fol- 

^*Arnaud:    Loc.  cit.,  p.  15. 

71^  Langlois  and  Charrin:    La  M6decine  Moderae,  Feb.  5,  1896. 

'^  Petit:    Loc.  cit. 
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low  filtered  cultures  of  the  Loffler  bacillus  in  fishes.  That  the 
hypertrophic  process  is  overactive  is  shown  by  the  fact  that 
hypertrophy  also  occurs  in  the  remaining  gland  when  one  has 
been  extirpated.  Stilling^^  observed  that  in  young  rabbits  the 
remaining  adrenal  sometimes  attained  very  large  size;  Auld^® 
also  reported  several  instances  in  cats.  In  the  presence  of 
these  facts  it  is  evident  that  the  adrenals  are  submitted  to 
excessive  activity  when  certain  toxics  appear  in  the  blood-stream^ 
and  that  the  local  lesions  are  the  expression  of  a  physiological 
function  utilized  beyond  its  normal  limits.  The  histological 
lesions  found  post-mortem  are  no  longer  pathological  mani- 
festations; they  are  those  of  physiological  overuse  or  overwork. 

That  we  are  dealing  with  the  effects  of  overactivity  is 
sustained. by  evidence  from  another  direction.  In  the  instances 
in  which  hypertrophy  was  caused  by  injections  of  toxins  these 
were  administered  in  small  doses  at  frequent  intervals^  the 
process  extending  over  a  period  of  many  weeks.  If  we  analyze 
Wybauw's  report,  there  are  points  which  tend  to  indicate  even 
more  than  the  direct  effects  of  toxins  noted.  This  author 
refers  to  promiscuously  distributed  swollen  cells,  the  proto- 
plasm of  which  is  less  clear  than  usual,  and  to  other  features 
that  recall  the  characteristics  of  cloudy  swelling  observed  most 
frequently  in  the  liver  and  kidney  aud  in  the  heart-muscle. 
This  we  know  may  be  caused  not  only  by  toxins,  but  also,  and 
with  equal  frequency,  by  nutritional  disturbances  excited  by 
nervous  stimulation, — a  fact  which  recalls  that  electrical  stimu- 
lation of  the  splanchnic  nerve  increases  the  functional  activity 
of  the  adrenals. 

What  these  organs  are  exposed  to  imder  excessive  stimula- 
tion, especially  in  the  course  of  febrile  infections  and  intoxica- 
tions, is  suggested  in  the  following  lines  by  Lazarus-Barlow;'® 
*lt  is  generally  held  that  the  cloudy  swelling  of  pyrexial  disease 
and  the  fatty  changes  of  hyperthermia  are  to  be  associated,  and 
many  authors  hold  that  cloudy  swelling  is  a  transitional  stage  in 
the  pathological  conversion  of  proteid  into  fat.  It  is  certainly 
in  favor  of  this  view  that  cloudy  swelling  is  most  commonly 


"  stilling:    Virchow'a  Archlv,  Dec.  18S9. 

"^  Auld:     British  Medical  Journal.  June  3,  1899. 

^L.azarus- Barlow:    "General  and  Exper.  Pathology."  p.  414,  1904. 
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seen  in  rapidly  fatal  and  acute  pyrexial  disorders^  fatty  changes 
in  chronic  pyrexial  disorders." 

Again,  we  have  seen  the  predominant  role  infections  play 
in  adrenal  haemorrhage.  We  shall  now  see  to  what  extent  the 
adrenals  are  the  seat  of  fatty  change,  which  means  in  this  con- 
nection the  frequency  with  which  these  organs  are  involved  in 
disease : — 

Amaud,*®  alluding  to  the  signs  of  fatty  degeneration  in 
the  adrenals  observed  post  mortem,  writes :  'This  lesion,  which 
is  appreciable  only  by  histological  examination,  is  very  com- 
mon, as  shown  by  my  personal  researches.  It  existed  to  a  more 
or  less  marked  extent  86  times  in  100  subjects  whose  adrenals 
had  been  collected  at  random  at  autopsies."  RoUeston^^  refers 
to  this  subject  in  the  *  following  words :  "In  the  suprarenal 
bodies  of  adults  fatty  change  is  so  common  as  to  be  a  physio- 
logical condition.  The  fat  occurs  as  large  globules  in  the  cells. 
This  change  may  be  present  throughout  the  whole  of  the  cortex 
or  be  best  marked  in  the  zona  fasciculata.  The  medulla  is 
occasionally  seen  to  be  occupied  by  fat,  but  never  to  the  same 
extent  as  the  cortex,  while  in  children  there  is  little  fat  nor- 
mally. Attlee  found,  however,  some,  though  slight,  fatty 
change  in  still-bom  children.  In  children  d3dng  from  maras- 
mus there  was  marked  fatty  change,  which  was  more  frequent 
than  in  the  liver.  The  cortex  was  affected  in  all,  and  the 
medulla  in  6  out  of  the  9." 

Now,  if  we  realize  that  it  is  only  in  febrile  diseases  and 
intoxications  that  cloudy  swelling  and  fatty  degeneration  occur, 
and  also  that  the  proportion  of  deaths  due  to  non-febrile  proc- 
cBBcs  is  relatively  large,  it  will  become  apparent  that  the  adrenals 
must  be  regarded  as  exposed  to  lesions  endangering  life  in  all 
diseases  and  intoxications  attended  by  a  high  temperature. 

On  the  whole,  a  general  summary  of  the  evidence  and 
the  conclusions  based  thereon  submitted  in  the  foregoing  pages 
seem  to  me  to  have  demonstrated : — 

1.  That  the  adrenals  are  greatly  exposed,  owing  to  their 
delicate  structure  and  their  location  among  the  great  blood- 
channels  of  the  splanchnic  area,  to  active  and  passive  congestion 
of  a  dangerous  type; 

**Arnaud:    Loc.  rit.,  p.  6. 

"Rolleston:    AUbutfa  "Practice,"  p.  G67. 
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2.  Thai  in  the  course  of  any  toxwmia  the  adrenals  are  liable 
(a)  to  cloudy  swelling  and  fatty  degeneration  when  the  tempera- 
lure  and  blood-pressure  are  high,  and  (b)  to  haemorrhage  when 
their  internal  vessels  are  unable  to  resist  the  centrifugal  pres- 
sure of  their  blood; 

S.  That  recovery  from  infections  and  toxaemias  of  all  hinds 
depends  to  a  material  degree  upon  the  extent  of  the  lesions  to 
which  the  adrenals  are  subjected  during  the  active  stage  of  the 
disease; 

4.  That  high  fever  and  high  blood-pressure^  on  the  one  hand, 
and  abnormally  low  temperature  and  low  blood-pressure,  on  the 
other,  are  the  signals  that  the  adrenals  are  endangered. 

THE  IMPORTANCE  OF  THE  ADRENALS  IN  PHYSIOLOGY 

AND  PATHOLOGY. 

The  foregoing  facts  showed  two  decades  ago  the  impor- 
tance of  the  adrenals.  We  have  seen  that  they  were  essential  to 
life  in  man  as  well  as  experimental  animals;  that  the  secretion 
was  specific  as  regards  its  physiological  action;  that  it  acted 
directly  on  the  heart-muscle  and  the  arterioles,  and  was  capable 
of  increasing  the  contractile, power  of  these  organs;  that  inas- 
much as  its  action  was  exercised  upon  the  muscular  layer  of  all 
vessels,  the  capillaries  which  are  not  supplied  with  such  a  coat 
were  not  acted  upon  by  the  adrenal  principle;  that  the  capil- 
laries of  tlie  adrenals  were  thus  exi)0sed  to  disruptive  congestion 
and  destructive  hemorrhages  when  toxins  and  other  poisons 
caused  an  abnormal  rise  of  blood-pressure,  and  that  this  danger 
was  enhanced  by  tlie  presence  of  organic  lesions  in  the  adrenals. 

It  is  with  tliese  fact^  as  foundation  tliat  I  urged  in  the 
first  edition  of  this  work  published  in  January,  190;3,  that  the 
adrenals  played  a  far  more  important  role  in  many  diseases 
other  than  those  of  the  adrenals  per  se,  an  assertion  wliich  ap- 
plies as  well  to  otlier  ductless  glands  to  be  reviewed  in  the 
present  work.  To  appreliend  the  relationsliip  between  these 
organs  and  the  nuiny  diseases  in  which  they  tiike  part,  my  own 
interpretation  of  their  functions  must  be  accci)tcd.  This  con- 
dition is  not  imposed  upon  the  reader  arbitrarily,  but  because 
of  three  cardinal  fact.s  which  render  it  unavoidable:  (1)  that 
my  views  are  sustained  by  a  far  greater  number  of  scientific 
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facts  than  any  other  of  the  roles  attributed  to  these  organs; 
(2)  that  they  afford  a  sound  explanation  while  including  the 
views  of  other  observers  of  the  diseases  of  the  ductless  glands 
themselves,  and  account,  in  a  logical  manner,  for  the  thera- 
peutic results  attained,  and  (3)  that  in  their  relations  to  the 
many  general  diseases  in  which  from  my  viewpoint  they  take 
part  (see  Volume  II),  they  readily  fill  gaps  without  which  the 
pathogenesis  of  those  diseases  had  remained  obscure.  One  can- 
not group  such  a  mass  of  heterogeneous  material  into  a  coherent 
and  logical  whole  unless  truth  underlie  the  whole  structure. 

Before  proceeding  with  the  subject-matter  concerning  the 
adrenals,  as  I  interpret  their  functions,  and  to  facilitate  its 
comprehension,  the  various  subdivisions  of  our  knowledge  con- 
cerning origin  and  structure  of  these  organs  will  be  briefly 
reviewed.  These  subdivisions  include:  the  chromaffin  system; 
the  histology  of  the  adrenals;  their  blood-vessels,  lymphatics 
and  nerves ;  subsidiary  adrenal  and  intcrreual  tissues  such  as  the 
carotid,  tympanic,  etc.  A  feature  which  the  reader  should 
clearly  apprehend  therein  is  that  the  adrenals  per  se  are  but  the 
major  organs  of  a  vast  system,  known  as  the  "chromaffin 
system"  which  forms  part  of  the  sympatlietic  nerves  and  ganglia, 
the  carotid  glands,  the  pituitary  body  and  other  structures, 
referred  to. 

THE  ORIGIN  AND  STRUCTURE  OF  THE  ADRENALS  AND  THE 

CHROMAFFIN    SYSTEM. 

The  Chromaffin  System. — ^The  first  observer  to  detect 
a  cliaracteristic  color  reaction  of  the  adrenal  bodies  was 
Vulpian,*^  who,  in  1856,  found  that  ferric  chloride  when  applied 
to  their  parenchyma  caused  it  to  become  green.  Ilenle"*  in  1865 
noticed  that  when  a  solution  of  potassium  bichromate  was  ap- 
plied to  the  cut  surfaces  of  human  adrenals  a  permanent  brown 
stain  of  the  medullary  substance  resulted.  This  reaction  was 
later  called  by  Stilling  the  cliromopliile  and,  by  Kohn,  the 
chromaffin  reaction,  and  was  found  to  be  due  to  the  presence 
of  adrenal  active  principle — epinephrin,  or  adrenalin — which. 


"Vulplan:     Comptea-rendua  de  rAcad^mie  des  Sciences,   vol.   xlill,  p.  663, 
1856. 

MHenle:    Zeitscbrift  far  raUonelle  Medizin,  24.  1865. 
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by  virtue  of  its  reducing  power,  is  capable  of  causing  the  for- 
mation of  a  brown  precipitate  in  a  solution  of  any  chromium 
salt.  The  production  of  a  green  color  in  a  solution  of  ferric 
chloride,  and  of  a  blackish  discoloration  with  osmic  acid,  are 
additional  evidences  of  the  reducing  power  of  adrenalin,  and 
are  also  indications  of  the  presence  of  this  body  in  the  sub- 
sidiary chromaffin  tissues. 

Apart  from  the  adrenals  themselves,  the  chromaffin 
reaction  was  first  detected  in  1872  by  Sigmund  Mayer,**^  who 
foimd  the  test  positive  in  the  tracts  of  cells  accompanying  the 
large  abdominal  sympathetic  branches  in  amphibia  and  reptiles. 
In  birds,  Kabl**  in  1891  found  chromaffin  cells  in  the  sympa- 
thetic ganglia  neighboring  the  adrenals,  and  in  the  following 
year  Stilling*^  observed  tliem  in  the  carotid  glands  of  several 
species  of  mammals.  The  same  investigator,  in  1899,^®  traced, 
along  the  abdominal  sympathetic  in  the  cat,  aggregations  of 
diromaffin  cells  which  he  asserted  were  identical  with  those  of 
the  adrenal  medulla.  Since  then,  similar  aggregations  have 
been  located  in  man,  and  the  power  of  adrenalin  production 
therefore  been  found  to  extend  to  a  large  number  of  small  cell 
groups  outside  the  major  organs  set  apart  for  this  purpose. 

That  the  sole  function  of  the  adrenals  is  adrenalin  pro- 
duction is  seemingly  disproved  by  the  fact  that  those  organs  con- 
tain two  different  types  of  tissue,  formed  independently  from 
dilferont  sources.  Whereas  the  cortex  or  outer  })ortion  of  the 
adrenals,  the  cells  of  which  contain  lipoid  (fat-like)  substances, 
develops,  in  the  embryo,  from  the  "intermediate  coll  mass,"  or 
that  portion  of  the  mesoblast  from  which  the  raosonephros  or 
primitive  kidney  is  formed,  tlie  medulla  or  inner  portion,  which 
alone  gives  the  chromaffin  reaction,  is  produced  by  outgrowth 
from  the  sympathetic  system,  and  is  considered  as  consisting  of 
profoundly  changed  nerve-cells.  p]ven  on  naked-eye  examination 
the  division  of  the  adrenals  into  two  distinct  segments  differing 
in  both  color  and  consistency  is  striking.  These  two  types  of 
tissue  exist  in  all  vertebrates,  but  in  mammals  alone  are  they 


«  Mayer:     Sitzungsberichte  der  k.  Akademle  zu  WMcn,  No.  66,   Abt.  3,   1-52, 
1872. 

••Rabl:    Archlv  fOr  mikroskopische  Anatomle.  No.  38,  S.  492-523,  189L 
^  StiUing:     Recueil  inaugural.  Lausanne.  1892. 
»  StiUing:     Anatomiscber  Anzeiger,  B.  53,  1899. 
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combined  as  a  definite  cortex  and  medulla  separated  by  a  clearly 
marked  and  continuous  dividing  line.  In  birds  the  two  varie- 
ties of  cells  are  intimately  interwoven  in  one  common  tissue 
mass.  In  some  reptiles,  including  snakes  and  lizards^  separate 
groups  of  medullary  cells  are  dispersed  in  the  cortex,  especially 
its  ventral  portion,  while  in  others,  such  as  the  tortoise,  the 
condition  is  analogous  to  that  found,  in  birds.  In  many 
amphibia,  including  the  frog,  the  adrenals  are  seen  as  thin, 
linear,  yellow  organs  in  contact  externally  with  the  likewise 
elongated  but  more  massive  kidneys,  while  in  other  amphibia, 
such  as  the  salamander,  they  are  portioned  off  into  pmall 
isolated  masses,  similarly  in  contact  with  the  kidneys.  The 
amphibian  adrenals,  like  those  of  the  higher  verterbrates,  con- 
tain aggregations  of  both  lipoid-containing  and  chromaffin  cells, 
the  latter  lying  not  in  the  interior  of,  but  on  the  outside  of, 
the  former. 

Vertebrates  lower  in  the  phylogenetic  scale  than  the  amphibia 
differ  from  all  tlie  others  in  exliibiting  complete  anatomical 
independence  of  the  lipoid  and  chromaffin  tissues.  The  former 
tissues  constitute  what  is  termed  the  interrenal  body,  while  the 
latter  compose  what  may  be  properly  termed  the  adrenal  or 
adrenalin-forming  organs.  In  fishes  the  interrenal  cells  exhibit 
constantly  a  vesicular  or  tubular  arrangement.  In  the  selachian 
fishes  the  interrenal  body  is  a  homogeneous  organ  situated  be- 
tween the  caudal  termination  of  the  kidneys;  in  the  ganoids 
there  are  interrenal  "corpuscles"  disseminated  in  the  interior 
of  the  kidneys,  while  in  the  cyclostomata,  or  eel-like  fishes,  the 
interrenal  tissues  occur  as  small  cell  groups  extending  from  the 
head  kidney  along  the  animal's  long,  slender  body  to  the  tail  and 
aflixed  to  the  posterior  cardinal  veins. 

Wholly  separate  from  the  interrenal  tissues  in  fishes  are  the 
chromaffin  or  adrenal  organs,  which,  in  the  selachians,  lie  in 
proximity  to  the  sympathetic  ganglia,  between  the  kidneys  and 
the  dorsal  parietes  in  the  caudal  or  tail  portion  of  the  animal's 
body.  In  the  teleosts  and  the  ganoid  fishes,  the  adrenal  organs 
lie  actually  in  the  walls  of  the  cardinal  veins,  and  in  the  cy- 
clostomata they  occur  as  band-like  masses  of  tissue,  interposed 
between  the  cardinal  veins  and  the  aorta.  This  unfailingly  sug- 
gests the  arrangement  met  with  in  mammals,  in  which  the  ad- 
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reoals  lie  in  dose  prosimity  to  tbe  inierior  vena  cava,  into  which 
tlieir  secretory  product,  adrenalin,  is  almost  directly  poured. 

The  essential  difference  betreen  tlie  interrenal  and  ad- 
renal tissues  appears  still  further  when  their  enibryological 
sources  are  inquired  into.  The  interrenal  cells  are  derived,  in 
tlie  erabrj'O,  from  tlie  mesoderm  or  primitive  middle  layer  of  tis- 
Bue-cella.  The  organs  they  are  destined  later  to  constitute  first 
appear  as  bud-like  cellular  elevations  from  tlie  peritoneum,  at  a 
tima  when  the  sexual  glands  are  Iikewi.se  beginning  to  develop. 
Gradually  assuming  the  appearance  of  definite,  separate  organs, 
the  resulting  tissues,  already  consisting  of  cells  of  characteria- 
tic  interrenal  tj"pe,  migrate  through  the  connective  tiaaues  to 
different  situations,  then  undergo  more  or  less  complete  degen- 
eration and  absorption  at  the  cephalic  or  head  end  of  tlie  body 
and  coalesce  to  form  large  interrenal  glands  at  the  caudal  end. 

The  adrenal  or  chromaflin  tissues,  derived  from  the  primi- 
tive ectoderm  or  outer  cell  layer  of  the  young  embryo,  develop 
in  close  conjunction  witii  the  sympathetic  nervous  system.  In 
the  formation  of  the  sympathetic  ganglia,  a  part  of  the  pri- 
mordial tissue  {anlage),  instead  of  forming  primitive  nerve-celle,.  ■ 
becomes  set  apart  aa  the  seat  of  origin  of  the  subsequeBtJ 
chromaffin  cells.  So  intimately  are  the  f»'o  sorts  of  tissue" 
originally  blended  that  the  chromaffin  cells  may  remain  either 
individually  or  in  groups  of  less  or  greater  size  directly  im- 
bedded in  the  midst  of  the  nerve  elements.  This,  where  it 
pereistd,  represents  the  moat  primitive  permanent  relationship 
of  chromaffin  to  sympathetic  tissues.  In  the  selachian  fishes, 
however,  the  two  tissues  do  not  remain  so  intimately  united. 
The  chromafiSn  cells  either  collect  together  in  a  large  group 
which  remains  at  some  point  within  the  ganglion  or  leaves  it 
to  form  a  definite  external  mass  which,  nevertheless,  always 
remains  in  the  immediate  vicinity  of  the  ganglion.  In,  the 
amphibia  and  higher  vertebrates,  a  further  step  in  the  separa- 
tion of  the  two  forms  of  tissue  takes  place,  the  chromafEn  cell 
groups  in  part  leaving  the  sympathetic  completely  and  exhibit- 
ing no  feature  suggestive  of  a  common  origin  with  it  Even 
here,  however,  minor  portions  of  the  chromaffin  tissue  Temain 
within  or  in  close  apposition  to  the  sympathetic  stmctnres. 

Coalescence  of  the  interrenal  and  chromaffin  tissues  takes 
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place  first  in  the  amphibia,  and  constitutes  the  last  stage  in 
the  embrj'ologic  transmigrations  to  which  they  are  subject. 
Thus,  in  amphibia,  small  masses  of  chromafl&n  cells,  instead  of 
remaining  with  tlie  sympathetic  ganglia,  pass  in  an  anterior 
and  mesial  direction  to  the  interrenal  bodies,  with  which  they 
unite  and  become  more  or  less  intermingled.  In  the  human 
embryo,  when  five  weeks  old,  an  analogous  process  takes  place. 
Primordial  s}'mpathetic  cells  begin  to  migrate  from  the  larger 
sympathetic  group  in  the  abdomen  to  the  interrenal  tissues, 
already  aggregated  in  the  form  of  definite  organs,  make  an 
entrance  through  the  capsules  of  the  interrenal  bodies,  and  be- 
come imbedded  among  the  columnar  and  other  cell  groupings  of 
the  latter.  The  migration  of  sympathetic  cells  continues 
throughout  fetal  life.  For  a  time  the  imbedded  sympathetic 
cells  remain  in  their  primitive  state.  Only  in  the  beginning  of 
the  fourth  month,  in  the  human  embryo,  is  their  chromaffin 
property  developed.  In  birds,  as  already  mentioned,  the 
chromaflSn  tissue  remains  throughout  interwoven  with  the 
interrenal  cells.  In  mammals  tlie  interrenal  tissue  finally  be- 
comes definitely  segregated  as  the  cortex  of  the  adrenals  and 
the  chromaffin  tissue  as  their  medulla. 

Histology  of  the  Adrenals. — ^The  adrenal  medulla  in 
man  consists  of  a  loose  net\^^ork  of  columnar  or  rounded  masses 
of  cells  situated  in  close  contact  with  the  blood-vessels.  As  a 
rule,  the  adrenal  cells  are  separated  from  the*  lumina  of  the 
capillaries  or  venules  by  an  endothelial  cell  membrane,  though 
in  some  localities  a  thin  sheath  of  connective  tissue  is  interposed. 
No  cavities  exist  between  the  cells  forming  part  of  individual 
columns  or  other  groups,  i.e.,  there  is  no  acinar  arrangement. 
The  columns  are  radially  disposed  around  the  large  central  vein 
of  the  adrenal,  into  which  the  secretory  product  or  products  of 
the  gland  are  discharged. 

The  true  medullary  cells,  for  the  most  part,  are  polyhedral 
in  form,  and  are  separated  only  by  a  very  thin  cementing  layer. 
Their  nuclei,  eccentrically  situated  (at  the  opposite  side  of  the 
cell  from  the  adjoining  vascular  channel)  are  poor  in  chro- 
matin and  present  a  vacuolar  appearance.  They  are  circular  or 
oval  in  shape.  The  surrounding  protoplasm  in  these  cells,  pre- 
senting a  hyaline,  highly  refractile  appearance  in  unstained 
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specimens,   nonetheless   harbors   numerous   very   fine   granula- 
tions,  sometimes  closely   packed   together,   at   others   sparsely 
distributed.    After  fixation  with  alcohol  or  formalin  these  cells 
present  a  paler  appearance,  upon  staining,  than  do  those  of  the 
adrenal  cortex.    The  granules  just  referred  to  are  of  great  in- 
terest in  that  they  impart  to  the  cells  containing  them  their 
chromaffin  property.    They  are  soluble. in  water  and  in  alcohol, 
but   insoluble   in   ether,    xylol,    and    glacial    acetic    acid.      In 
unfixed  preparations  they  can  be  made  visible,  though  rather 
indistinctly  at  best,  with  iron  hematoxylin.    After  fixation  with 
Zenker's  fluid,  on  the  other  hand,  they  can  be  stained  fairly 
well,  as  a  rule,  with  eosin.    The  granules  are  to  a  certain  degree 
related,  according  to  Biedl,*®  to  nuclear  coloring  material.    They 
are  stained  violet  by  a  mixture  of  methylene  blue  and  eosin,  and 
pale  pink  by  Ziehl's  solution.    The  chromaffin  property  at  once 
strikes  the  observer  when  a  fixing  solution,  such  as  formalin, 
to  which  a  salt  of  chromic  acid  has  been  added,  is  employed.    A 
color  varying  from  yellow  to  brown  is  at  once  imparted  to  the 
adrenal  medulla  as  a  whole.     Some  cells,  however,  are  stained 
much  less  intensely  than  others,  and  even  in  individual  cells 
the  granulea  do  not  stain  evenly.    A  peculiarity  of  this  chrom- 
affin property  is  that  it  is  lost  in  a  relatively  short  period  of 
time  after  death;  after  twelve  to,  at  most,  thirty  hours  have 
elapsed,  attempts  to  secure  the  brownish  coloration  completely 
fail.     Once  the  brown  color  has  been  produced,  on  the  other 
liaiid,  it  cannot  be  removed  by  washing  with  water.     Another. 
le.s.s  striking  but  classic  reaction  characteristic  of  the  adrenal 
medulla  is  that  of  Yulpian,  who,  we  have  seen,  noticed  that 
upon  application  of  a  solution  of  ferric  chloride,  the  cells  of  the 
medulla  develop  a  green  color. 

The  mechanism  of  epinephrin  secretion  in  the  medullary 
cells  is  described  bv  Stoerk  and  von  Haberer^^  as  follows:  The 
chromaffin  substance  produced  in  the  granules  progressively 
augments  up  to  a  certain  limit,  when  it  begins  to  dithise  into 
the  cytoplasm  between  the  granules  and  even,  sometimes,  into 
the  nucleus.     When  the  entire  cell  has  thus  become  sufficient! v 


••  Biedl:     Innere  Sekretlon,   vol.   I,  p.   343,   1913. 

■*  Stoerk  and  von   Haberer:     Arcbiv   fUr  mikroskopiscbe  Anatomie,   No.   72, 
S.  481,  1908. 
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impregnated  with  the  ehromaJ£n  subetance^  further  diffusion 
takes  place  out  of  the  cell  into  the  blood  of  the  neighboring 
small  vascular  channel.  A  rather  complete  discharge  of  the 
product  is  thus  effected,  the  cell  as  a  result  temporarily  losing 
its  chromaffin  property.  In  the  adrenal  venules  the  chromaffin 
substance  appears  as  a  mucoid  material,  colored  yellowish  brown 
and  characteristically  refractile,  which  passes  down  into  the 
main  adrenal  vein  and  thence  enters  the  general  circulation  in 
the  interior  vena  cava.  Small,  brightly  shining  bodies,  appar- 
ently distinct  from  the  mucoid  masses,  have  been  noticed  im- 
bedded in  the  latter,  and  were  formerly  thought  alone  to  repre- 
sent the  true  secretion  of  the  adrenals.  Stoerk  abd  von  Haberer 
have  shown  that  these  bodies  are,  indeed,  not  identical  with  the 
surrounding  mucoid  material.  No  definite  conception  has  as 
yet  been  formed,  however,  of  their  functional  significance. 
The  same  is  true  of  the  large,  rodlike,  and  wedge-shaped  granules 
demonstrated  in  the  cytoplasm  of  the  cells  of  the  medulla  by 
the  same  investigators,  who  found  tliem  stained  black  when  iron 
hematoxylin  was  used.  Lipoid  and  pigment  bodies,  of  unknown 
significance,  have  also  been  noticed  in  these  medullary  cells. 

The  cortex  of  the  adrenals,  which  incloses  the  medulla  on 
all  its  aspects,  is  a  broad  mass  of  tissue  itself  surrounded  by  a 
connective-tissue  capsule  which,  at  intervals,  gives  off  radially 
disposed  partitions  extending  down  through  the  gland-tissue, 
and  there  progressively  dwindling  until  so  thin  as  to  be  hardly 
perceptible.  These  partitions  themselves  are  joined,  at  a  cer- 
tain distance  from  the  external  capsule,  by  a  fresh  series  of 
cross  partitions,  which  form  the  inner  limit  of  the  outer  or 
glomerular  zone  of  the  cortex.  Proceeding  farther  inward  from 
tiie  periphery  two  additional  zones,  the  fascicular  and  the 
reticular,  respectively,  are  met  with,  the  former  relatively  broad 
and  the  latter  narrower,  like  the  glomerular  zones.  More  pro- 
nounced in  some  of  the  lower  animals  than  in  man,  this  division 
of  the  cortex  into  zones  entails  no  fundamental  difference  be- 
tween the  cells  constituting  the  several  layers.  In  the 
glomerular  zone  the  connective-tissue  trabeculae  are  so  directed 
as  to  inclose  spherical  or  oval  groups  of  the  columnar  epithelial 
cells.  In  the  broad  fascicular  zone,  on  the  other  hand,  they  run 
for  the  most  part  in  a  radial  direction,  marking  off  parallel 
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columns  of  epithelium,  joined  together  only  occaBionally  by 
oblique  or  transverse  eolnmns  or  conoective-tissue  strands  inclos- 
ing (.-apillary  vessels.  In  the  iunermoet  or  reticular  zone,  the  con- 
nective-tissue strands  have  bcTOnie  distinctly  attj?nuated,  and  in- 
close thinner  cords  of  cells  than  exist  in  the  middle  zone,  these 
cords,  moreover,  so  auastomoeing  with  one  another  as  to  form  a 
coarse,  irregular  reticulum.  The  cells  differ  somewliat  in  size  aiul 
shape  in  the  several  zones  of  the  cortex.  In  the  outer  zone  they 
are  relatively  small  and  of  varying  outline;  in  the  middle  zone, 
luiisiderably  larger,  rounded,  polygonal,  or  elongated,  and  in 
the  inner  zone,  again  smtl'.^r,  and  cubical  or  polygonal  iu  out- 
line. As  iu  the  medulla,  the  cortical  epithelia  lie  in  close  rela- 
tionship to  blood-vessels,  from  the  lumen  of  whicli  they  are 
separated  solely  by  the  endothelium  of  the  vessels  tliemselves, 
and  occasionally,  in  addition,  a  thin  layer  of  connective  tissue. 

Of  firmer  consistency  than  the  medulla,  tlie  cortes  of 
tlie  adrenals  presents,  in  contrast  to  the  reddish  vascular  appear- 
ance of  the  latter,  a  yellowish  tint,  due  to  the  extensive  content 
of  lipoid  granules  which  cliaracterize  its  epithelial  cells.  The 
granules  ordinarily  measure  one  to  four  microns  in  diameter, 
I  though  occasionally  they  coalesce  to  form  larger  droplets— a 
►■condition  whicli  can  be  promoted  by  subjection  of  the  tissues 
to  strong  acids  or  to  potassium  hydrate.  Upon  fixing  adrenal 
tissue  with  formalin,  sectioning  with  the  freezing  microtome, 
and  staining  with  the  ordinary  fat  stains,  scarlet  11  or  sudan" 
III,  the  granules  will  be  found  to  assume  a  red  color.  If  osmic 
acid  he  used,  however,  the  lipoid  granules  will  not,  like  ordinary 
fats,  be  at  once  stained  black,  but  will  take  on  at  first  only  a 
brown  color,  and  become  black  only  if  later  subjected  to  the 
action  of  alcohol.  When  thus  prepared,  the  granules  become 
insoluble  in  chloroform  and  benzol,  but  they  remain  soluble  in 
ether  and  in  xylol,  which  cannot,  therefore,  be  used  in  the  fur- 
ther treatment  of  the  tissue  specimen  without  causing  their 
disappearance.  Like  other  fatty  suhstances,  the  adrenal  lipoid  is 
not  stained  by  methylene  blue  or  fuchsin  stains.  There  are 
found,  however,  in  the  cells  of  the  adrenal  cortex  other  granules 
which  do  become  stained  in  fuchsin — "Altmann's  fuchsinophile 
granules."  A  special  study  of  these  has  been  made  by  Plecnik," 
*>  Plecnik:    AnhlT  lOr  mlkraiktqitKbe  Aaatoinle,  No.  60,  8.  HI.  1901. 
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who  found  them  well  marked  even  in  the  adrenals  of  embryos. 
For  the  most  part  of  the  same  size  as  the  lipoid  granules,  they 
occur  most  thickly  in  portions  of  the  epithelial  cells  where  the 
latter  are  most  sparsely  distributed,  and  exhibit  a  tendency 
to  diminution  in  size  as  the  nucleus  is  approached.  A  certain 
proportion  of  them  disappears  in  common  with  the  lipoid 
granules  when  the  tissues  are  moistened  with  ether.  No  evi- 
dence that  these  granules  can  become  converted  into  lipoid 
granules  has  been  found,  and  their  exact  significance  is  un- 
known. The  third  and  last  type  of  minute  inclosed  bodies 
found  in  the  cortical  cells  is  that  of  the  pigment  granules, 
which  occur,  in  particular,  in  the  reticular  or  innermost 
zone.  These  remain  behind  when  cells  the  lipoid  bodies  of 
which  have  been  stained  with  osmic  acid  are  treated  with  ether 
and  iron  hematoxylin,  differentiation  between  the  lipoid  gran- 
ules and  the  pigment  bodies — the  latter  naturally  yellow  but 
now  stained  black  by  the  iron  hematoxylin — ^being  thus  effected 
in  a  striking  manner. 

The  exact  chemical  nature  of  the  doubly  refractive  sub- 
stance present  in  the  lipoid  granules  of  the  adrenal  cortex  has 
been  the  subject  of  repeated  investigation  and  discussion. 
AschoffV^  view,  supported  by  the  chemical  researches  of  Bicdl,  is 
tliat  it  is  made  up  of  cholesterin  esters.  This  is  the  prevailing 
view.  The  functional  significance  of  these  cholesterin  bodies,  as 
Veil  as  of  the  cortical  tissue  as  a  whole,  has  given  rise  to  much 
discussion,  as  yet  with  but  little  result.  There  is  no  evidence 
that  the  lipoids  are  discharged  into  the  blood-stream  as  a  secre- 
tion by  the  cortex.  In  vitro  tlie  cortical  lipoids  have  been  found 
capable  of  fixing  and  neutralizing  toxins,  and  Bonamour®'  has 
advanced  the  theory  that  the  cortex  has  for  its  purpose  to 
absorb  and  neutralize  toxic  metabolic  products.  No  demonstra- 
tive evidence  to  this  effect  has,  however,  been  forthcoming. 
Biedl,**  on  the  other  hand,  believes  there  is  sufficient  evidence 
to  warrant  consideration  of  the  interrenal  system  as  a  tnie  inter- 
nally secreting  organ,  to  be  included  in  the  group  of  organs 
w^hich,  like  the  thyroid,  th\Tnus,  pituitary,  and  sexual  glands, 

M  Aschoff :     Ziegler'8  Beitr&ge  zur  aUgemelne  Pathologie  und  patbologischen 
Anatomie,  S.  47,  1909. 

•■  Bonamour:    Thdse  de  Lyon,  1905. 

»*Bledl:    Xnternal  Secretory  Organs,  p.  292,  1913. 
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produce  assimilatory  hormones  exerting  an  influence,  directly 
or  indirectly,  upon  general  somatic  and  psychic  development. 
This  evidence  consists  of  the  observations  pointing  to  the  in- 
fluence of  the  adrenal  cortex  on  the  development  of  the  brain  and 
sexual  glands,  upon  body  growth,  and  upon  the  changes  taking 
place  in  the  period  of  puberty. 

The  close  anatomical  relationship  between  the  chief  inter- 
renal  and  true  adrenal  tissues  has  naturally  given  rise  to  specu- 
lation as  to  a  possible  functional  relationship  between  them. 
The  fact  that  the  adrenal  tissues  lie,  from  the  circulatorv  stand- 
point,  immediately  distal  to  the  interrenal  tissues,  blood  which 
has  just  circulated  through  the  latter,  passing  into  the  former 
immediately  after,  suggests  that  the  adrenal  cortex  supplies  the 
medulla  some  material  of  value  in  the  secretory  process  of  the 
latter.  As  Mulon®^  points  out,  however,  no  such  material  is 
known,  and  the  anatomical  union  of  the  tissues,  while  possibly 
advantageous,  is  not  an  absolute  necessity,  since  there  are  many 
vertebrates  in  which  the  two  tissues  are  some  distance  apart. 
Experiments  purporting  to  show  the  presence  of  adrenalin  in 
the  adrenal  cortex  have  been  proven  technically  faulty.  Voegtlin 
and  Macht,"'  on  the  other  hand,  have  detected  in  the  cortex  a 
body  having  a  digitalis-like  action  and  Iseovesco"^  also  demon- 
strated in  it  a  lipoid  exerting  a  tonic  efTect  on  tlie  heart. 
lian<rlois^**  has  advanced  the  theory  that  the  cortex  chemically 
transforms  the  })oisonous  wastes  arising  in  the  metabolism  of 
contracting  muscular  tissue  and  thereby  prepares  a  substance 
from  which  the  medulla  elaborates  adrenalin. 

The  bloocl-supphj  of  the  adrenals  is  extensive  and  is  derived, 
as  is  well  known,  from  no  less  than  three  sets  of  suprarenal 
arteries.  The  arterial  trunks  entering  thq  capsule  of  the  gland 
undergo,  for  the  most  part,  an  immediate  division  into  small 
vessels  which,  after  forming  a  network  of  capillaries  to  supply 
the  capsule  itself,  pass  inward  in  the  connective-tissue  septa  and 
trabecuhe  to  supply  each  zone  of  the  cortex,  fonning  in  each  a 
capillary  network  which  corresponds  with  the  arrangement  of 

'  « 
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the  connective  tissue  therein.  After  circulating  through  the 
entire  cortex  the  blood  passes  into  broad,  sinus-like  spaces  in  the 
medulla  which  are  in  intimate  relationship  to  the  chromaffin 
cells.  From  these  it  passes  into  narrower  venules  and  thence 
into  tlie  central  adrenal  vein  or.  veins.  The  medulla  receives 
blood  in  addition  from  the  "perforating  arteries''  of  Srdinko,** 
which  pass  directly  through  the  cortex  from  tlie  capsule,  without 
subdivision.  This  blood  likewise  is  eventually  discharged  into 
the  adrenal  vein. 

But  little  is  known  as  to  the  precise  distribution  of  the 
lymphaiics  in  the  adrenals.  In  a  general  way,  the  lymphatics 
follow  the  course  of  the  blood-channels.  Small  aggregations  of 
lymphocytes  have  been  found  in  the  connective-tissue  stroma 
of  the  adrenals,  likewise  at  times  eosinophile  leucocytes.  Of 
special  interest  and  possible  significance  are  the  elastic  and 
smooth  muscle-fibers  also  described  in  this  tissue.  According  to 
Dewitzky^**^  there  exists  in  the  adrenal  medulla  a  network  of  elas- 
tic tissue  having  for  its  special  purpose  to  hold  the  blood- 
vessels open. 

The  nerve-supply  of  the  adrenals  is  very  rich,  even  more 
in  the  medullary  than  in  the  cortex.  In  the  capsule  are  to  be 
found  plex-uses  of  non-medullated  and,  less  abundantly,  medul- 
lated  fibers,  connected  with  groups  of  sympathetic  ganglion 
cells.  Fine  fibers  pass  from  the  capsular  plexuses  along  the  con- 
nective-tissue septa  of  the  cortex  into  relationship  with  the 
columns  of  cortical  cells,  and  tenninate  in  elongated  thickenings 
at  the  surface — not  in  the  interior — of  these  columns.  Through 
the  cortex  also,  pass  larger  and  more  numerous  nerve-bundles 
destined  for  the  tissues  of  the  medulla,  where  they  form  a  rich 
plexus  the  ramifications  of  which  extend  among  the  chromaffin 
cells  and  form  arborizations  around  them.  According  to 
Dogiel,^^^  to  whom  we  are  indebted  for  the  most  complete  study 
of  the  adrenal  nerve-supply  extant,  the  nerve-fibers  can  be  fol- 
lowed up  to  the  venous  walls  themselves  in  the  case  of  cells 
adjoining^  such  veins.  In  relation  with  the  plexuses  of  the 
medulla,  and  less  abundantly  with  those  of  the  cortex,  are  also 


**Srdinko:    Sitzungsberlchte  der  bdhmischen  Kaiser- Franz- Joseph-Akademie. 
Prag,  Nos.  12.  16,  28,  1905. 

i<»Dewltzky:     Ziegler's  Beltrage.  No.  52.  S.  435.  1912. 

loiDogiel:     Archiv  fUr  Anatomic  und  Physiologie,  S.  90-104,  1894. 
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to  be  found  groups  of  sympathetic  ganglion  cells.    Variable  in 

size,  these  groups  occur  either  along  the  nerve-trunks,  at  the 

boundary  between  the  medulla  and  the  cortex  or,  occasionally,  in 

the  fascicular  zone  of  the  cortex.    These  ganglion  cells  give  off 

neurites  and  dentrites  which  form  arborizations  in  the  vicinity 

of  other  ganglion  cells,  but  do  not  come  into  relationship  with 

the  parenchyma  cells  of  the  medulla  themselves. 

Subsidiary  Adrenal  and  Intehrenal  Tissues. — ^The 
widespread  distribution  of  both  adrenal  and  interrenal  tissues 
in  the  embrvo  and  in  adults  of  the  lower  animal  forms  in  which 
these  tissues  exist  finds  expression  in  the  adult  mammalian 
animal  in  the  presence  of  small,  outlying  masses  of  these  tissues, 
entirely  separate  from  the  medulla  and  cortex  of  the  adrenals. 
Of  especial  interest  are  the  subsidiary  chromaffin  organs, 
grouped  in  conjunction  with  the  medullas  of  the  adrenals  under 
the  term  "paraganglia."  These  include,  in  particular,  the  caro- 
tid glands,  the  tympanic  glands,  and  the  parasympathetic  organ 
of  Zuckerkandl,  situated  in  front  of  the  bifurcation  of  the 
abdominal  aorta. 

The  carotid  glands,  each  of  about  the  size  of  a  grain  of  rice, 
lie  in  or  near  the  crotch  of  the  bifurcation  of  the  common  caro- 
tid arteries.  Originally  considered  chiefly  as  vascular  or 
glomerular  structures,  the  true  nature  of  tlie  organs  was  dis- 
covered, as  already  mentioned,  in  1892  by  Stilling,  who  demon 
strated  the  chromaffin  property  of  the  epithelium  they  contain. 
The  cells  are  large  and  polyhedral,  arranged  in  splieroidal 
groups,  with  very  thin  intervening  cell-walls,  and  in  close 
apposition  to  large,  thin-walled  capillaries,  in  which  the  narrow 
columns  of  epithelial  cells  are  freely  bathed.  The  source  of 
the  glands  is  in  the  embryonal  ganglion  cells  of  the  inter- 
carotid  sjinpathetic  nerve-plexus.  The  vascular  and  connective 
tissues  of  the  glands  augment  with  age,  the  epithelial  cells,  on 
the  other  hand,  undergoing  a  corresponding  diminution.  As  a 
rule,  only  a  small  proportion  of  the  epithelial  cells  of  the 
carotid  glands  are  colored  brown  by  chromium  salts.  This  has 
been  found  to  apply  also  to  the  epithelial  tumors  occasionally 
met  with  in  these  organs.  At  least  two  observers  have  even 
denied  them,  on  the  basis  of  personal  experiments,  any 
chromaffin  property  whatever,  and  expressed  the  opinion  that 
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these  organs  should  no  longer  be  grouped  among  the  "para- 
ganglia." At  all  events,  their  importance  as  components  of  the 
chromaflSn  system  would  appear  to  be,  at  best,  slight. 

[Note. — ^The  coccygeal  body,  first  studied  by  Luschka  in  1859  (Vir- 
chow's  Archiv,  B.  18)  is  a  reddish-yellow  organ  of  about  the  size  of  a 
small  pea,  situated  in  front  of  the  apex  of  the  coccyx.  Though  provision- 
ally classed  by  this  observer  among  the  ductless  glands,  and  since  fre- 
quently compared,  by  reason  of  its  structural  peculiarities,  with  the 
carotid  glands,  pituitary  body,  and  adrenals,  the  coccygeal  body  was 
shown  by  Stoerk  in  1907  (Archiv  f.  mikrosc.  Anat.,  B.  69)  to  present 
no  chromaffin  property,  either  in  fetal  or  in  extra-uterine  life,  and  to 
be  devoid  of  any  relationship,  from  the  developmental  standpoint,  with 
the  sympathetic  system.  Recent  embryological  studies  seem  to  have 
shown  that  the  coccygeal  body  arises  as  a  local  thickening  of  the  walls 
of  the  median  sacral  artery,  with  subsequent  formation  of  an  arterio- 
venous anastomosis  and  the  production  of  a  network  of  twisted  blood- 
vessels. The  earlier  conception  of  the  coccygeal  body  as  a  ductless  gland 
has  thus  been  abandoned.] 

The  tympanic  glands  are  small  groups  of  chromaflBn  cells 
situated  in  apposition  to  the  nerve  of  Jacobson  in  the  tympanic 
canal  on  either  side  of  the  body. 

The  most  important  subsidiary  mass  of  chromaffin  tissue 
is  that  constituting  the  organ  of  Zuckerl'andl,  which  represents 
the  lower,  independent  extremity  of  a  large,  elongated  chrom- 
affin body  extending  in  the  embryo  from  the  level  of  the 
main  adrenal  bodies  to  the  bifurcation  of  the  aorta.  In  the 
newborn  mammal  the  upper  portion  of  this  elongated  body  is, 
moreover,  represented  by  a  number  of  smaller  chromaffin  groups 
disseminated  in  the  intervening  space.  Such  groups  have  also 
been  met  with  below  the  organ  of  Zuckerkandl,  in  the  angle 
formed  by  the  iliac  arteries  and  on  the  lateral  aspects  of  the 
rectum.  The  common  embryological  origin  of  the  sympathetic 
nervous  tissue  and  the  chromaffin  organs  is  even  more  strikingly 
shown  in  the  fact  that  collections  of  chromaffin  cells  may  be 
found  imbedded  in  sympathetic  nerve-ganglia,  wherever  the 
latter  may  be  situated.  Such  collections  have  been  frequently 
noted,  for  example,  in  the  left  stellate  ganglion  (Wiesel),  and 
in  various  peripheral  sympathetic  ganglia,  such  as  those  of  the 
celiac,  abdominal  aortic,  inferior  mesenteric,  and  superior  and 
inferior  hypogastric  plexuses.     WieseU"^   (quoted  by  BiedP®') 

><»  Wiesel:     Wiener  kllnische  Wochenschrlft.   1906, 
^Biedl:    Inner^  Sekretion,  vol.  i,  p.  358,  1913, 
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found  a  paraganglion  10  to  15  millimeters  long  at  the  root  of 
the  left  coronary  artery  in  a  human  heart.  Other  relatively 
uncommon  sites  noted  have  been  the  point  of  entrance  of  the 
superior  vena  cava  into  the  heart,  the  pulmonary  artery,  the 
root  of  the  superior  mesenteric  artery,  the  intestinal  wall,  the 
abdominal  nerve-plexuses  down  to  a  point  deep  within  the 
pelvis,  the  prostate  gland,  the  ovary,  the  broad  ligament,  and  the 
paradidymis.  These  subsidiary  paraganglia  may  attain  a  size 
of  from  3  to  20  millimeters  and  present  a  histological  structure 
very  similar  to  that  of  the  main  adrenal  organ,  consisting  of  a 
capsule  of  connective  tissue  and  a  parenchyma  made  up  of 
rounded  masses  of  cells,  supplied  with  nerves  and  a  rich  capil- 
lary network.  They  are  often  easily  to  be  mistaken  for  lymph- 
nodes,  an  error  soon  corrected  when  the  characteristic  yellow  or 
brownish  color  appears  upon  application  of  a  solution  of  potas- 
sium bichromate.  In  the  sympathetic  plexuses  and  ganglia, 
chromaffin  cells  may  occur  singly  or  in  groups.  The  latter, 
inclosed,  e.g.,  in  the  ganglia,  either  may  or  may  not  be  separated 
from  the  nervous  tissue  itself  by  a  sheath  of  connective  tissue. 

Gradual  retrogression  and  diminution  in  size  of  many  of 
tlie  subsidiary  paraganglia  begins  after  birth.  This  applies  in 
particular  to  the  organ  of  Zuckorkandl,  so  that  by  the  fifth  to 
the  ei«rhth  year  of  life  its  chromaffin  property  has  been  entirely 
l<»<t.  The  chromaffin  inclusions  in  the  synipatlietic  ganglia, 
liowever,  according  to  Wiescl,  retrogress  only  very  slowly  and 
still  exist  in  aged  individuals.  Special  significance  attaches  to 
the  subsidiary  paraganglia  in  cases  of  malformation  of  the 
adrenals  proper,  where  the  former  tissues  may  retain  sufficient 
of  their  pristine  importance  and  size  to  make  up  for  deficient 
epincj)hrin  production  in  the  latter. 

The  subsidiary  interrenal  ti*<sues,  or  adrenal  rests  often 
erroneously  termed  "accessory  adrenals''  formerly,  the  fact  being 
overlooked  that  they  contain  no  tissue  corresponding  to  that  of 
the  medulla  of  the  adrenals,  arise  either  as  persistent  bits  of 
that  portion  of  the  original  interrenal  tissue  which  ordinarily 
undergoes  absorption  when  the  cortex  of  the  adrenal  is  formed, 
or  by  splitting  off  of  small  masses  of  tlie  developing  adrenal 
cortex  through  the  intrusion  of  spnpathetic  c^lls  or  of  bands 
of  connective  tissue.    Their  existence  was  known  as  far  back  as 
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tlie  seventeenth  century.  According  to  SchmorP®*  no  less  than 
92  per  cent,  of  all  human  cadavers,  if  carefully  examined,  will 
be  found  to  show  small  or  large  aggregations  of  interrenal  cells 
in  various  parts  of  the  body.  Histologically  these  consist,  like 
the  adrenal  cortex,  of  a  connective-tissue  stroma  in  which  are 
supported  columns  of  cortical,  lipoid-containing  cells,  usually 
arranged  so  as  to  form  an  outer  glomerular,  an  intermediate 
fascicular,  and  occasionally  also  an  inner  reticular  zone,  as  in 
the  suprarenal  organ  itself.  Like  the  adrenal  cortex,  moreover, 
these  subsidiary  interrenal  bodies  are  capable,  where  the  demand 
exists,  e.g.,  after  excision  of  the  adrenals,  of  undergoing  a 
marked  compensatory  hypertrophy. 

Three  groups  of  subsidiary  interrenal  organs  have  been 
recognized  by  Poll.^®^  The  first  group  includes  those  found  in 
the  region  of  the  adrenals  and  kidneys.  Some  occur  in  the  sub- 
^  stance  of  the  adrenal  cortex  and  medulla  themselves.  These 
may  lie  firmly  imbedded  at  the  surface  of  the  adrenals  and,  when 
numerous,  give  the  latter  a  nodulated  appearance,  or  they  may 
possess  stalks  connected  with  the  interior  parenchyma  of  the 
organ,  or,  again,  they  may  lie  more  deeply,  completely  sur- 
rounded by  parenchyma,  even,  e.g.,  in  the  very  center  of  the 
medullary  tissue.  They  may  be  situated  outside  of  the  adrenals, 
in  the  adjacent  connective  tissue,  or  at  the  surface  or  in  the 
interior  of  the  kidney,  in  which  location  they  sometimes  be- 
come the  source  of  the  tumors  known  as  hypernephromas. 
Along  vessel  walls  they  may  be  found  in  contact  with  the  ad- 
renal artery  or  vein,  the  inferior  vena  cava,  or  the  renal  vein, 
as  well  as  between  the  vena  cava  and  the  aorta.  They  may  also 
be  noted  in  close  relationship  to  the  sympathetic  nerve-plexuses, 
in  the  transverse  mesocolic  ligament  (between  the  transverse 
colon  and  spleen),  on  the  under  surface  of  the  liver  or  in  its 
right  lobe,  and,  lastly,  in  the  pancreas.  Poll's  second  group 
comprises  subsidiary  interrenal  bodies  found  in  the  retroperi- 
toneal space,  below  the  inferior  poles  of  the  kidneys,  along  the 
internal  spermatic  veins,  on  the  iliopsoas  muscles  in  the  vault 
of  the  pelvis,^  and  on  the  sacroiliac  synchondroses. 

The  third  group  consists  of  the  interrenal  tissues  occurring 

10*  Schmorl :     Zlcgler's  Beitr&ge.  9,  1891. 

^<»Poll:     Quoted  by  Bledl:     Innere  Sekretion.  vol.  i,  S.  356,  1913. 
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in  relation  to  the  reproductlTe  organs.  Thus^  in  the  male  sub- 
ject, such  tissues  may  be  found  anywhere  along  the  spermatic 
cord,  above,  below,  or  witliin  the  inguinal  canal.  They  may 
occur  between  the  testicles  and  epidid}Tne8.  WieseP®^  found 
such  a  collection  of  cells  at  the  junction  of  the  duct  of  the  epi- 
didymis and  the  vas  deferens  in  76  per  cent,  of  newborn  babies; 
this  tissue  often  persisted  throughout  life.  Interrenal  tissue 
has  also  been  found  imbedded  in  the  testicular  tissues  and  in 
the  paradidymis.  In  the  female  subject^  interrenal  organs  have 
l)een  detected  in  the  broad  ligament^  lying  in  contact  with  the 
Fallopian  tube,  and  in  the  substance  of  the  ovary.  Biedl  calls 
attention  to  the  fact  that  subsidiary  interrenal  organs  are  en- 
countered with  relative  frequency  in  the  reproductive  organs  in 
the  young  and  but  seldom  in  old  subjects,  while  Marchetti'"' 
makes  the  opposite  assertion  in  the  case  of  interrenal  tissues  in 
the  vicinity  of  the  adrenals  themselves. 

>M  wiesel :     SiUangsb«rfelite  der  k.  Akademle  su  Wlen,  S.  106,  1899. 
ym  Marvliettl:     Virchow's  ArchiT,  No.  177,  p.  227,  1904. 


CHAPTER  II. 

THE  FUNCTIONS  AND  DISEASES   OP 

THE  ADRENALS. 

UNEXPIAINED   PROPERTIES    OF   THE    ADRENAL    SECRETION. 

As  we  have  seen,  adrenal  preparations — extracts,  the  pow- 
dered gland,  the  active  principles,  epinephrin,  supracapsulin, 
adrenalin,  etc. — cause  a  rise  of  the  blood-pressure  with  slowing 
of  the  heart-beat,  a  minute  dose  sufficing  to  produce  a  marked 
effect.  'But,  as  HowelP  states,  "the  effects  produced  by  such 
extracts  are  quite  temporary  in  character.  In  the  course  of  a 
few  minutes  the  blood-pressure  returns  to  nonnal,  as  also  the 
heart-beat,  showing  that  the  substance  has  been  destroyed  in  some 
way  in  the  body,  although  where  and  how  this  destruction  occurs 
is  not  known/'  All  that  is  established  is  that,  as  stated  by 
Swale  Vincent,^  the  secretion  is  fonned  in  the  adrenal  medulla, 
and  that  "it  passes  by  way  of  the  adrenal  veins  into  the  general 
circulation,  in  order  to  assist  the  activity,  or  maintain  the  tone 
of  sympathetically  innervated  muscle  and  other  tissue,*'  the  latter 
including,  as  shown  by  Cardone,^*  the  skeletal  muscles.  The  fate 
of  the  secretion  in  the  blood  has  not  been  determined.  From 
my  viewpoint,  it  forms  part  of  the  respiratory  mechanism,  as  a 
constituent  of  the  hemoglobin,  besides  acting  as  stated  above. 

Adrenal  preparations  are  all  endowed,  as  first  observed  by 
Vulpian  many  years  ago,  with  marked  reducing  activity,  i.e., 
with  a  marked  tendency  to  take  up  oxygen.  Abel,  who  isolated 
the  adrenal  active  principle  he  termed  "epinephrin,'^  for  instance, 
found  this  tendency  so  marked  that  it  proved  a  source  of  incon- 
venience. Takamine  noted  that  the  colorless  aqueous  solution  of 
his  "adrenalin''  was  easily  oxidized  by  contact  with  the  air,  its 
color  changing  from  pink  to  red,  and  eventually  to  brown. 
Cybulski  also  observed  that  the  addition  of  potassium  perman- 
ganate, a  powerful  oxidizing  agent,  destroyed  the  activity  of 

*  Howell:     Loc.  cit,  p.  842. 

'  Swale  Vincent:     "Internal  Secretions  and  the  Ductless  Glands,"  Loodon, 
1913. 

*«Cardone:    II  PollcUnico,  fasc.  11.  12,  1910. 
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adrenal  extract.    What  is  the  relationship  between  this  reducing 
property  and  the  blood-pressure  raising  power? 

Various  experimenters  and  clinicians,  including  Eeichert,* 
Morel/  and  L6pine,"  have  observed  that  even  non-toxic  doses  of 
adrenal  preparations  caused  a  rise  of  temperature.  Others, 
Courmont/  for  example,  found  that  adrenal  grafts  could  pro- 
duce such  a  rise  as  to  warrant  the  phrase  "formidable  hyper- 
thermia.^'  Conversely  we  know  that  destructive  disorders  of  the 
adrenals,  Addison^s  disease,  for  example,  or  removal  of  the 
adrenals,  cause  a  rapid  decline  of  the  temperature.  This  sug- 
gests that  the  adrenal  secretion  must  be  endowed  with  oxidizing 
power,  and  yet  we  have  seen  that  it  is  a  reducing  agent.  How 
account  for  this  anomaly  and  for  the  power  of  adrenal  products 
to  raise  the  temperature? 

When  the  adrenal  tissue  is  excessive,  as  in  the  hyper- 
nephroma of  children,  there  is  excessive  oxidation  and  ovemutri- 
tion  of  the  subject.  Tlie  process  of  growth  and  development  are 
such  in  some  cases  as  to  cause  a  child  to  appear  several  times  its 
age — a  child  of  4  years,  for  example,  being  as  large  as  one  of  16. 
IIow  account  for  this  phenomenon  as  a  result  of  an  excessive 
production  of  adrenal  secretion,  which  presumably  occurs  when 
tlie  secreting  elements  are  also  in  excess? 

Xot  all  vessels  are  influenced  by  the  adrenal  secretion  or 
extractives.  A  striking  fact  in  this  connect ron  is  the  ap|)arcnt 
exf.mption  of  the  pulmonar}'  tissues  to  the  effects  of  the  secretion. 
Wallace  and  ifogk^  found  that,  w^hile  adrenal  extract  caused  a 
rise  of  the  systemic  blood-pressure  due  to  the  contraction  of 
the  arterioles,  the  pressure  in  the  pulmonary  arteries  is  not 
raised,  these  vessels,  in  their  opinion,  not  being  acted  upon  as 
are  the  others.  This  observation  was  confirmed  by  Brodie  and 
Dixon.**  Velich,^  on  the  other  hand,  found,  by  a  series  of  ex])eri- 
ments  instituted  to  ascertain  whetlier  vasoconstrictor  fibers 
existed  for  the  pulmonary  vessels,  that  adrenal  extract  gave  rise 
to  but  a  slight  rise  of  pressure.    Warm  adrenal  extract,  which, 


»  Reichert:     Univ.  of  Penna.   Mod.  Bull.,  April,  1901. 
♦Morel:     Le  Progrte   MMical.    Aug.   3.    1903. 

*  Lupine:     La  Semaine  m^dlcale.   Fob.   18.   1903. 

*  Courmont:     Congr^s   de   MMecine   Interne,    Montpellier,    1898. 
"Wallace    and    Mogk:      Transactions    of    the     Physiological    Society,     Dec. 

28-^.  1898. 

*  Brodie  and  Dixon:    Journal  of  Physiol.,  vol.  xxx,  p.  416,  1903. 
•Vellch:     Wiener  med.  Wochcnschrlft,  No.  L'6,  1898. 
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when  applied  even  to  the  skin,  causes  pallor,  was  found  by  him 
to  exercise  no  such  effect  upon  the  surface  of  the  lungs.  This 
accounts  for  the  familiar  fact  upon  which  Parhon  and  Golstein*® 
lay  stress,  that  intravenous  injections  of  adrenalin  can  produce 
acute  pulmonary  oedema,  owing  doubtless  to  the  marked  rise  of 
blood-pressure  in  the  rest  of  the  organism.  Why  this  exception  ? 
Such  were  the  questions  which  I  attempted  to  answer  in  the 
first  edition  of  this  work,  which  appeared  in  1903.  The  only 
experiments  on  the  connection  between  the  adrenal  secretion  and 
respiration  had  been  those  of  Oliver  and  Schafer  and  Langley — 
the  injection  of  adrenal  extracts  into  animals,  with  temporary 
arrest  of  respiratory  movements — due  doubtless  to  spasm  of  the 
respiratory  muscles — as  result.  But  obviously  they  taught  noth- 
ing as  to  the  respiratory  process  per  se.  When,  however,  the 
avidity  of  the  adrenal  product  for  oxygen,  its  influence  over 
general  oxidation  and  nutrition,  and  the  invulnerability  of  the 
lungs  to  its  action,  on  the  one  hand,  and  the  fact  that  both 
pulmonary  and  tissue  respiration  still  belonged  to  the  domain 
of  conjecture,  on  the  other,  are  taken  into  account,  there  was 
good  ground  for  the  belief  that  a  connection  between  the  adrenals 
and  the  respiratory  process  actually  existed. 

THE  ADRENAL  SECRETION  AS  THE  OXIDIZING 
AGENT  OF  THE  H.^.MOGLOBIN. 

That  the  prevailing  view  on  the  physiology  of  respiration, 
based  on  the  diffusion  of  gases,  has  not  been,  and  is  not  now, 
endorsed  by  all  physiologists  is  now  well  known,  '^hen,*' 
writes  Professor  Mathias  Duval,^*  of  Paris,  "an  animal  is  caused 
to  i)reatlie  in  the  smallest  possible  space — the  air  imprisoned  in 
its  lungs — it  uses  up  all  the  oxygen  in  the  air.  This  is  because 
haemoglobin,  in  virtue  of  its  chemical  affinity,  takes  up  the 
oxygen  as  fast  as  this  ga*i  is  dissolved  in  the  serum,^^  so  that  the 
latter,  always  despoiled,  is  never  able  to  satisfy  its  absorption 
coefficient  for  oxygen,  however  low  be  this  coefficient,  and  how- 
ever slight  be  the  tension  of  the  oxygen  in  the  surrounding  air. 
As  to  the  exhalation  of  carbonic  acid,  it  is  not  produced  so 

simply  as  would  a  priori  seem,  by  mere  gaseous  diffusion  or  by 

■       

'"Parhon  and  Oolstein:     TjOc.  cit.,  p.  725. 

"  Mathias    Duval:     Cours   dc   physiologie,    1892. 

u  AH  Italics  are  my  own. 
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the  mere  giving  off  of  a  gas  in  solution^  because  of  the  scarcity 
of  the  gas  in  the  suiroimding  atmosphere.  Indeed^  the  air  in 
the  piihnonary  yesicles  contains  8  per  cent,  of  carbonic  acid^ 
hardly  a  fayorable  condition  for  the  escape  of  carbonic  acid  from 
the  bloody  especially  since  a  portion  of  this  gas  is  not  dissolved, 
but  combined  with  the  serum  salts.  It  is  therefore  probable  that 
the  pulmonary  tissues  are  the  seat  of  an  action  having  for  its 
object  to  rapidly  dislodge  the  carbonic  acid.  This  action  is 
probably  of  a  cheniicdl  nature,  .  .  .  Whenever  oxygen  is 
mixed  with  venous  bloody  even  in  vitro  during  experiments,  the 
carbonic  acid  is  immediately  given  off.  One  is  led  to  admit, 
therefore,  that  the  combination  of  oxygen  with  the  blood- 
corpuscles  (oxyhaemoglobulin)  plays  a  role  analogous  to  that  of 
an  acid^  and  involving  the  elimination  of  carbonic  acid  from 
venous  blood."  He  refers  to  Bobin  and  Verdeirs  view  in  respect 
to  the  existence  of  a  hypothetic  "pneumonic  acid"  and  to  the 
experiments  of  Gamier,"  who  observed  that  ultramarine  blue, 
sprayed  into  the  lungs  of  living  guinea-pigs,  lost  its  color:  a 
phenomenon  which  could  only  occur  through  the  presence  of  a 
strong  acid,  neither  taurin  nor  carbonic  acid  being  capable  of 
producing  it.  "Chemical  analysis  of  the  lung  has  not  disclosed 
a  specific  acid,  however." 

"It  is,  perhaps,  wrong,"  adds  Professor  Duval,  himself  a 
prominent  physiologist,  "for  physiologists  to  continue  to  only 
see  in  these  phenomena  mere  results  of  endosmosis  of  liquids 
and  of  diffusion  of  gases  through  an  inert  membrane."  As  a 
clinician,  I  would  urge  that  this  theory  is  harmful  in  its  far- 
reaching  consequences.  I  have  pointed  out  that  the  aerotonome- 
ter,  upon  which  it  is  mainly  founded,  is  a  defective  instrument, 
and  that  it  is  because  of  this  that  the  results  recorded  bv 
various  physiologists  have  been  divergent  to  such  a  degree  that, 
in  some  instances,  the  diffusion  of  oxygen  should  occur,  to  cor- 
respond with  its  indication  in  the  wrong  direction,  i.e.,  from  the 
haemoglobin  to  the  alveolar  air,  the  tension  of  oxygen  in  tlie 
arterial  blood  being  actually  higher  than  the  pressure  of  oxygen 
in  the  air-cells. 

I  characterize  the  prevailing  theory  as  ^Hiarmful"  because 
the  physiologist,  engrossed  in  his  own  field,  does  not  realize  that 

"  Garoier:     Comptcs-Rendus  de  rAcad6mie  des  Sciences,  July  26,  1886. 
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•^he  is  dealing  with  the  foundation  of  probably  the  most  impor- 
tant problem  of  our  day  in  its  influence  over  human  life,  viz., 
immunity  not  only  in  the  tissues  at  large,  but  at  the  very  thresh- 
old of  infection — ^the  pulmonary  alveolar  surface,  and  the  alimen- 
tary canal,  as  will  be  shown  later. 

The  Adrenal  Secretion  in  Pulmonary  Respiration. — 
In  the  first  edition  of  the  present  work  (1903)  I  advanced  the 
view,  sustained  by  considerable  evidence,  that  the  adrenals  took 
a  leading  part  in  the  respiratory  process  by  supplying  a  secre- 
tion which  absorbed  the  oxygen  of  the  air  in  the  pulmonary 
alveoli,  then  became  a  part  of  the  haemoglobin  and  of  the  blood- 
plasma,  which  in  turn  carried  it,  as  oxidizing  principle,  to  all 
tissues. 

Three  years  after  this  opinion  was  formulated,  a  noted 
English  physiologist,  Pembrey,  wrote^*  in  an  impartial  review  of 
the  recent  advances  in  physiology  and  bio-chemistry:  "It  is 
impossible  to  give  a  satisfactory  account  of  the  gaseous  exchange 
between  the  blood  and  the  alveolar  air."  .  .  .  "The  body  of 
evidence  has  been  steadily  increasing  in  favor  of  the  secretory 
theory,  especially  as  regards  the  absorption  of  oxygen."  This 
theory  is  that  of  Bohr,  advanced  in  1891,  which  attributes  the 
oxygen-absorbing  power  and  the  excretion  of  carbon  dioxide  to 
active  secretory  processes  carried  on  by  the  lining  membrane  of 
the  air-cells.  .While  the  need  of  a  secretion  capable  of  absorbing 
the  oxygen  has  been  steadily  growing  in  favor,  however,  the 
secreting  membrane  has  not  been  found. 

This  is  explained  when  the  respiratory  process  is  considered 
from  my  viewpoint:  It  is  not  by  a  local  membrane  that  the 
reducing  secretion  is  produced,  but  by  the  adrenals.  As  shown 
below,  its  properties  and  itinerary  are  precisely  those  required 
for  the  process,  while  its  presence  can  be  traced  at  every  step  to 
the  haemoglobin  itself,  of  which  it  forms  part. 

A  succinct  review  of  the  experimental  evidence  which  has 
invalidated  the  diffusion  doctrine,  and  of  that  upon  which  my 
conception  of  the  respiratory  process  is  based,  will  perhaps  serve 
better  than  a  prolonged  analysis  of  the  question  (for  which  the 
reader  is  referred  to  previous  editions)  to  convey  the  actual 
status  of  the  question. 


"  Pembrey:     HUra   "Recent  Advancee  In  Physiology  and   Bio-Chemlstry, 
p.  649,  1906. 
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Paul  Berty^  thirty  years  ago^  showed  experimentally  that  the 
absorptkm  of  oxygen  by  the  pulmonary  blood  persisted^  even  when 
the  presBoie  of  this  gas  was  almost  nil.  Miiller  also  observed 
that  a  strangulated  animal  exhausted  the  air  in  its  lungs  of  all 
its  oxygen^  while  Setschenow  and  Holmgren^^*  Zimtz,^^  and  others 
found  but  traces  of  oxygen  in  the  arterial  blood  of  asphyxiated 
animals.  This  suggested  that  the  diffusion  doctrine  was  defec- 
tive, and  that  the  absorption  of  oxygen  from  the  air  was  due  to 
the  presence^  in  the  blood  circulating  through  the  lungs^  of  some 
substance  capable  of  taking  up  this  gas.  This  conclusion  was 
sustained  by  the  researches  of  Bohr/*  Haldane  and  Lorrain 
Smith,**  Vaughan  Harley,*®  and  Bohr  and  Henriques,**  the  last- 
named  investigators  referring  to  it  as  a  substance  'having 
greater  avidity  for  oxygen  than  the  blood  itself  and  presumably 
^a  kind  of  internal  secretion/' 

This  view  has  been  antagonized  by  some  of  the  advocates  of 
the  diffusion  theory  (whose  aerotonometric  figures  are  sugges- 
tively discordant),  but  as  we  have  seen  the  '^evidence  has  been 
steadily  increasing  in  favor  of  the  secretory  theory,  especially  as 
r^rds  the  absorption  of  oxygen/' 

Having  repeatedly  noted  the  powerful  reducing  properties 
of  adrenal  extractives,  it  occurred  to  me  that  the  secretion  of 
the  adrenals  might  fulfill  this  role.  Anatomical  studies  in 
various  lower  animals  and  in  man,  and  a  systematic  research  in 
the  literature  of  the  subject,  demonstrated  that  it  met  all  the 
conditions  required  to  satisfy  so  important  a  function. 

The  first  deduction  imposed  by  these  researches  was  that 

The  secretion  of  the  adrenals  has  a  marked  affinity  for 
oxygen,  and  inevitably  reaches  the  pulmonary  air-cells, 

Vulpian,^^  over  fifty  years  ago,  found  that  adrenal  juice 
reduced  iron  perchloride  and  iodine.  Cybulski"  recorded  a 
similar  action  on  potassium  permanganate;  Tjanglois'*  noted, 
however,  that  adrenal  extract  lost  its  reducing  properties  in  vitro 

"Paul  Bert:    C.  r.  de  TAcad.  dee  bcI.,  Oct.  28,  1878. 

"  Setschenow  and  Holmgren,   cited  by  Ludwlg:    Wiener  med.  Jahrb.,  2l8t 
year.  1.  p.  145,  1865. 

"Ziint«:    Hermann's  "Handbuch/*  !▼.  part  2.  p.  43.  1882. 

>*Bohr:     Skandtn.  Archly  ffir  Physloloii^e.  p.  2S6,  1891. 

» Haldane  and  Lorrain  Smith:    Jour,  of  Physiol.,  xzll.  No.  3,  p.  231.  1897. 

•Vaughan  Harley:     Ibid.,  xxv.  No.  1.  p.  33,  1899. 

*>  Bohr  and  Henriques:    Arch,  de  physlol.,  ix.  pp.  469  and  819,  1887. 

"Vulpfan:    C.  r.  de  TAcad.  des  set.,  p.  663,  Sept.  29.  1856. 

*  Cybulskl :    Gazeta  I^karska.  2d  series,  xt.  pp.  299-308,  1895. 

**  Langlois:    Arch,  de  physiol.  norm,  et  pathol.,  x,  p.  124,  1898. 
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wlien  oxidizing  compounds  were  added.  As  to  the  action  of  the 
atmospheric  oxygen,  Battelli*'  found  that  adrenalin  did  not  lose 
its  properties  when  contact  with  air  was  prevented,  while  Abel,^* 
Takamine,*'  and  others  refer  to  this  property  as  a  source  of 
trouble  in  laboratories,  the  latter  chemist  specifying,  in  fact,  that 
adrenalin  becomes  oxidized  by  contact  with  the  air. 

That  the  adrenal  secretion  inevitably  reaches  the  air-cells 
was  made  clear  by  a  study  of  the  anatomical  relations  between 
the  adrenals  and  the  lungs.  The  blood  of  the  efferent  vessels  of 
the  adrenals,  their  veins,  passes  to  the  inferior  vena  cava,  directly 
on  the  right  side,  and  by  way  of  the  renal  vein  on  the  left.  The 
actual  presence  of  the  adrenal  secretion  in  the  blood  of  the 
adrenal  veins  is  shown  by  many  experimental  facts.  Gottschau,^* 
for  example,  traced  hyaline  granules  (found  subsequently  to  be 
their  secretion)  from  the  interior  of  the  adrenals  to  their  veins. 
This  observation  was  confirmed  and  amplified  by  Manasse,^" 
Aulde,'®  and  Stilling.^*  Pfaundler^^  traced  the  same  granules 
from  the  interior  of  the  organ  along  the  adrenal  veins  to  the  vena 
cava  itself.  It  is  doubtless  the  adrenal  secretion  and  no  other 
which  is  carried  by  the  blood  of  the  vena  cava,  for,  when  blood 
originating  from  the  adrenals  on  its  way  to  this  great  trunk  was 
injected  into  animals  by  Cybulski  and  Scymonowicz,^^  it  pro- 
duced the  characteristic  effects  of  adrenal  extract.  These  results 
were  confirmed  by  Biedl,^*  Langlois,'*^  and  Dreyer.^®  Sc3rmono- 
wicz,  Biedl,  Drcyer,  Salvioli,  and  Pizzolini*'  found,  moreover, 
that  such  effects  could  not  be  obtained  with  venous  blood  obtained 
from  other  parts  of  the  body. 

Tlio  next  fact  to  assert  itself  was  that 

On  reaching  the  air-cells,  the  adrenal  secretion  absorbs 
oxygen  and  becomes  a  constituent  of  hcemoglobin  and  of  the  red 
corpuscles. 


"nattolli:     C.  r.  de  la  Soc.  de  blol.,  liv,  p.  1435,  1902. 
*>Abel:    Bull.  Johns  Hopkins  Hosp.,  p.  215.  Sept.-Oct.  1S98. 
>"  Takamlne:     Therapeutic  Gazette,  p.  221,  April  15,  1901. 
"■Oottschau:     Arch.  f.  Anat.  u.  Physiol..  Anat.  Abth.,  p.  412,  1883. 
»  Manasse:     Arch.  f.  Path.  u.  Physiol.,  cxxxv,  p.  263,  1894. 
«>Aulde:     Brit.  Med.  Jour.,  May  4,  1894. 
"  Stilling:     Arch.  f.  path.  Anat.,  clx.  p.  324.  1897. 

9*  Pfaundler:     Sltzungsber.  d.  k.  Akad.  d.  Wissensch.  Mathem.,  el.  p.  3,  1892. 
**  Cy^ulskl  and   Scymonowicz:     Qazeta  Lekarsku.   2d  series,   xy,  pp.   299-308, 
1895;    Archiv  f.  d.  ges.  Physiol..  Ixlv,  Nos.  3  and  4,  p.  97,  1896. 
»*  Biedl:     Archiv  f.   d.   ges.   Physiol.,   Ixvll.   part  9-10,   1897. 
"'Langlols:    Arch,  de  physlol.  norm,  et  pathol.,  ix,  p.  152.  1897. 
■•  Dreyer:     American  Journal  of  Physiology,  li,  p.  203,  1899. 
"  SalvioH  and  Pizzolini:    Gazetta  degli  osped.,  Mar.  23,  1902. 
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While  a  reducing  substance  has  been  found  necessary,  we 
have  seen,  to  account  for  the  absorption  of  oxygen  from  the 
alveolar  air,  it  happened  that  the  greater  part  of  the  hsemoglobin 
molecule  was  composed  almost  entirely  of  an  albuminous  sub- 
stance which  had  remained  unidentified.  Gamgee,'®  for  instance, 
states  that  ^liaemoglobin  exists  in  the  blood-corpuscles  in  the 
form  of  a  compound  with  a  yet  unknown  constituent  of  the  cor- 
puscles/' This  body  he  defines  as  the  ^^albuminous  moiety  of  the 
lucmoglobin  'molecule"  and,'*  as  representing  96  per  cent. 
of  this  molecule,  the  remaining  4  per  cent,  being  the  iron- 
laden  haematin.  Now,  I  found  that  this  "imknown  constituent" 
of  haemoglobin  corresponded  in  its  physicochemical  properties 
with  the  adrenal  secretion.  Gamgee,*®  for  example,  states  that 
haemoglobin  is  insoluble  in  absolute  alcohol,  chloroform,  benzol, 
ether,  and  all  organic  solvents:  Vulpian**  had  already  noted 
that,  of  all  glandular  products,  that  of  the  adrenals  alone  showed 
this  peculiarity.  Gautier,^*  Moore,**  and  Takamine  also  refer  to 
it.  Again,  according  to  Moore  and  Purinton,**  adrenal  extracts 
are  rapidly  destroyed  by  alkalies ;  this  is  also  a  characteristic  of 
liaemoglobin.  This  pigment  likewise  resists  heat  up  to  the  boiling 
point;  this  applies  also,  according  to  Cybulski,*'  Moore,*®  and 
others  to  adrenal  extract.  Finally,  Mulon*^  found  that  the  red 
corpuscles  gave  the  histochemical  reactions  of  the  active  principle 
of  the  adrenals,  thus  showing  that  these  blood-cells  actually  con- 
tain this  principle.  Since  then  the  adrenal  reaction  has  been 
obtained  from  blood-elements  wherever  sought,  including  that 
of  the  placenta. 

In  confirmation  of  tliis  conclusion  is  the  fact  that 

The  oxygen-laden  adrenal  secretion  is  a  constituent  of  the 
albuminous  haemoglobin  in  the  blood-plasma. 

Battelli*'*  and  Kraus*^*  found  adrenalin  in  the  blood,  the 
latter  author  in  Graves's  disease.  That  this  prin(ij)le  is  a 
constituent  of  the  albuminous  portion   of  haemoglobin   voided 

*Gaingee:     Schftfer's  "Text-book  of  Physiology.'*  I,  p.  189,  1898. 

"Gamgee:     Ihitl.,  p.  207.  1898. 

<*Gamgee:     Ibid.,  p.  206,  1898. 

^  Vulpian:     C.-r.  de  I'Acad.  dea  Sol.  de  Paris,  Sept.  29,  1856. 

*=  Gautier:     Chlmle  blologique,  p.  355,  1892. 

*■  Moore:     Journal  of  Physiology,  xvll,  p.  xlv,  1894-95. 

♦*  Moore  and  Purlnton:     American  Journal  o^  Physiology,  111,  p.  15,  1900. 

*»Cybulskl:     Gazeta  Lekarska.  Mar.  23,  1895. 

*•  Moore:     Lor.  cit. 

*"Mulon:     Personal  Communication. 

««Battelll:  C.-r.   de  la  Soc.  de  Biol.,  llv,  p.   1179,  1902. 

*■■  Kraus:     Cited   by   Bnigsch,    Folia  Therapeutica,   Jan.,   1909. 
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by  red  corpuscles  in  the  plasma  suggested  itself  when  Schmiede- 
berg,**  Jaquet,***  Abelous  and  Biarncs,**^  and  other  chemists 
showed  that  blood-plasma  contains  an  oxidizing  substance,  sub- 
sequently known  as  oxidase.  Not  only  was  it  found  to  resist  heat 
at  least  up  to  the  boiling  point  and  to  possess  other  chemical 
characteristics  of  the  adrenal  principle,  but  the  actual  presence  of 
the  latter  is  confirmed  by  other  facts.  Thus,  in  1853,  Traube  had 
concluded  that  haemoglobin  could  not  fulfill  the  physicochemical 
functions  ascribed  to  it  without  the  aid  of  a  catalyzer.  Poehl*- 
showed  that  the  adrenal  principle  was  a  catalyzer,  while  Jolles''^ 
pointed  out  that  the  activity  of  a  given  volume  of  blood  as  a 
catalyzer  corresponded  with  the  number  of  red  corpuscles  it  con- 
tained. It  is  because  of  this  that  Oliver  and  Schafer  found  that 
oxidation  of  the  adrenal  principle  does  not  occur  in  the  blood; 
acting  as  a  catalyzer  it  simply  transfers  oxygen  from  the  pul- 
monary air  to  the  tissues  without  being  itself  modified  by  the 
contact.  Finallv,  Bernstein  and  Falta*^*  have  ascertained  that 
"injections  of  adrenalin  in  healthy  persons  produced  an  increase 
of  the  consumption  of  oxygen  and  of  the  production  of  carbonic 
acid  together  with  an  increase  of  the  respiratory  quotient." 

Additional  evidence  to  this  effect  and  an  explanation  of 
the  role  of  the  red  corpuscles  were  afforded  by  the  next  conclusion 
reached :    That 

The  red  corpuscles^  after  absorbing  the  oxygenized  adrenal 
secretion  (the  albuminoiis  constituent  of  their  haemoglobin)  yield 
it  to  the  blood-plasma  in  the  form  of  droplets,  the  so-caJled 
"blood-platelets/' 

As  Gamgee*^'  teaches,  haemoglobin,  under  the  influence  of 
various  chemical  agents,  "undergoes  a  decomposition  of  which 
the  chief  products  are,  an  albuminous  substance  or  substances, 
and  a  coloring  m<Uter  w^hich  contains  the  whole  of  the  iron" ;  but, 
as  he  also  says,  "the  coloring  matter  of  tlie  red  corpuscles  is  not 
extracted  from  them  by  the  plasma."  This  does  not,  however, 
apply  to  their  albuminous  substance.    That  they  discharge  the 

*•  Schmiedeberg:     Archlv  f.  exper.  Path.  u.  Pharm.,  vi,  p.  233,  1876. 
eojaquet,  cited  by  Salkowski:     Archiv  f.  path.  Anat.,  Jan.  4,  1S97. 
<^  Abelous  and  Blam&s:     Arch,  de  phyaiol.  norm,  et  pathol.,  5th  series,  vil, 
pp.  196,  239,  1895. 

Bipoehl:    Indian  Lancet,  May  22,  1904. 

»Jollefl:     Mtinch.   med.   Woch.,  p.   2083,   Nov.  22,   1904. 

■M  Bernstein  and  Falta:     Abst.  In  Liondon  Lancet,  June  29.  1912. 

"BQamgee:    Loc.  cit,  i,  p.  189,  1898. 
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latter  in  the  plasma  is  rendered  evident  by  various  facts.  Louis 
Elsberg,**  thirty  years  ago,  observed  "a  projection  of  a  pedicu- 
lated  granule  or  knob"  from  the  periphery  of  red  corpuscles. 
Hirschfeld*^  traced  these  granules,  from  the  interior  of  these  cells, 
through  one  or  more  minute  apertures  which  closed  up  again,  to 
the  surrounding  plasma.  Brockbank^^  has  published  a  beautiful 
microphotograph  of  "platelets  in,  or  being  extruded  from,  red 
cells."  Again,  Detemann*^*  noted  that  the  buds  on  the  surface 
of  the  red  cells  ''at  first  are  attached  to  the  cell  by  protoplasmic 
processes  and  contain  haemoglobin";  but  that,  "later,  the  buds 
become  separated  from  the  cell,  losing  their  haemoglobin."  This 
does  not  militate  against  Gamgee's  statement  that  the  coloring 
matter  remains  in  the  corpuscles,  but  it  indicates  that  the 
albuminous  constituent  is  voided  into  the  plasma. 

These  albuminous  droplets  (which,  in  1903,*®  I  identified  as 
the  familiar  blood-platelets)  yhaxiag  absorbed  oxygen  in  the  lungs, 
should,  in  the  light  of  preceding  deductions  and  owing  to  the 
catalyzing  property  of  their  adrenal,  principle,  be  able  to  sur- 
render their  oxygen  to  any  agent  in  the  blood  or  tissues  possessed 
of  sufficient  reducing  power  to  appropriate  it.  That  this  applies 
to  the  droplets  is  shown  by  the  reaction  to  certain  stains.  Litten®^ 
and  others  found,  for  example,  that  blood-platelets  derived  from 
the  red  corpuscles  are  best  stained  with  methylene-blue ;  Sten- 
gel, White,  and  Pepper®^  state,  in  fact,  that  "metliylene-bhie  gave 
the  only  positive  results."  This  indicates  that  the  droplets  are 
certainly  rich  in  oxygen — as  their  identity  as  the  oxygenized 
adrenal  secretion  would  suggest — for,  as  Ehrlich  teaches,  one  of 
the  conditions  "essential  to  the  methvlene-blue  reaction"  is 
"oxygen  saturation."^^ 

A  studv  of  the  melanins  then  showed  that 

The  albuminous  constituent  of  the  haemoglobin,  or  oxi/gcn- 
laden  adrenal  secretion^  is  distributed  by  the  red  corpuscles  to  all 
parts  of  the  body  as  an  oxidizing  agent. 


«•  Louis  Elsberg:    Annals  of  the  N.  Y.  Acad,  of  Sci.,  I,  1879. 
"Hlrschfeld:     Virchow's  Archlv,  clxvi,  part  2,  p.  195,  1901. 
"  Brockbank:     Med.  Chronicle,  Mar..  1908. 

"Determann:     Deut.  Archiv  f.  kiln.  Med.,  1x1,  part  4,  p.  365,  1898. 
*»SaJou8:     The  present   work,   Ist   ed.,   vol.    1,   p.    715,   1903. 
«»Lltten:     Deut.  med.  Woch..  No.  44.  Nov.  2,  1899. 
«  Stengel,  White,  and  Pepper:     Amer.  Jour.  Med.  Scl.,  May  9,  1902. 
«*  Quoted  by  L.  F.  Barker:     New  York  Medical  Journal,  May  15  et  seq.,  1897 
to  1898. 
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Leonard  Hill/*  Hirschfeld,  Chittenden  and  Albro,**  and 
most  classic  writers  look  upon  melanins^  the  brown  and  black 
pigments  found  in  certain  forms  of  sarcoma,  in  the  tissues,  the 
blood,  the  urine,  etc.,  in  various  morbid  states,  as  hasmoglobin 
derivatives.  While  Momer,  Brandl,  and  L.  Pfeiflfer**  found  that 
it  contained  iron,  and  accept  this  origin,  Nencki  and  Berdez*'  do 
not,  because  they  failed  to  find  this  metal  in  the  pigment  isolated 
from  a  melanotic  sarcoma.  These  discordant  opinions  are  har- 
monized, however,  by  the  newer  conception  I  submit:  The  first- 
named  authors  dealt  with  whole  haemoglobin,  containing,  there- 
fore, its  iron;  while  Nencki  and  Berdez  dealt  quite  as  surely 
with  haemoglobin,  but  only  with  its  albuminous  constituent. 

Having  traced  to  the  adrenals  the  origin  of  the  active  agent 
of  this  albuminous  haemoglobin  and  this  substance  being  melanin, 
the  presence  of  the  adrenal  principle  in  melanins  should  be 
shown.  In  the  first  place  these  pigments  were  found  by  Walter 
Jones*®  insoluble  in  alcohol,  ether,  benzol,  chloroform,  etc.,  i.e., 
precisely  as  Vulpian,  Moore,  and  others  had  found  to  be  the  case 
with  the  adrenal  principle.  This  applies  as  well  to  the  action  of 
alkalies,  to  which  Jones,  Abel  and  Davis®®  found  melanins  very 
sensitive,  and  to  other  tests.  In  the  second  place  direct  evidence 
was  afforded  by  Boinet,^®  who  found  chemically  that  the  bronze 
pigment  of  Addison's  disease  was  identical  to  melanin,  and  also 
by  Miihlmann,"^  who  discovered  independently  that  the  Addison- 
ian pigment  was  a  product  of  the  adrenals. 

Finally,  as  the  connection  of  the  adrenal  product  with  res- 
piration and  oxygenation  I  urge,  suggests : — 

An  excess  of  adrenal  secretion  causes  a  rise  of  temperature. 

This  action  was  first  observed  by  Oliver  and  Schafer."" 
Reichert^'*  recorded  a  rise  of  1°  C.  in  the  dog,  having  reached 
this  temperature  "in  less  than  forty  minutes.''  In  three  experi- 
mental animals  it  "continued  hypemonnal  for  over  two  hours." 


•*  Leonard  Hill:     "Text-book  of  Chemistry."  p.  374.  1903. 
«  Chittenden  and  Albro:    Amer.  Jour,  of  Physiol.,  li,  p.  291,  1899. 
••  Morner,   Brandl,   and   L.    Pfelffer,   cited   by   Hammarsten:     "Text-book  of 
Physiological  Chemistry,"  5th  American  Ed.,  p.  688,  1908. 
<"  Nencki  and  Berdez:    Ibid. 

••Walter  Jones:    Amer.  Jour,  of  Physiol.,  U,  p.  380.  1899. 
••Abel  and  Davis:    Jour,  of  Exper.  Med.,  1,  p.  381,  1879. 
'"Bolnet:     Marseille  m^d.,  April  15.  1896. 
"  MUhlmann:     Deut.  mod.  Woch.,  No.  26,  p.  409,  1896. 
"Oliver  and  SchUfer:    Jour,  of  Physiol.,  xvili,  p.  239,  1895. 
"  Relchert:    Univ.  of  Penna.  Med.  Bull.,  Aprtl,  1901. 
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Morel^*  noted  a  rise  of  0.5*^  to  1**  C.  (0.9°  to  L8°  P.)  in  guinea- 
pigs.  Lepine^*  states  that  the  increase  of  blood-pressure  caused 
by  adrenal  extract  is  always  followed  by  a  rise  of  temperature. 
This  is  controlled  by  the  familiar  fact,  first  observed  by  Brown- 
Sequard,  that  removal  of  the  adrenals  is  followed  by  a  steady 
decline  of  temperature  and  by  the  hypothermia  which  attends 
Addison's  disease. 

Additional  evidence  on  this  particular  feature  of  the  gen- 
eral problem  will  be  found  in  Volume  II.  I  studied,  for  example, 
the  evolution  of  the  red  corpuscles  throughout  the  animal  scale^** 
and  learned  that  they  were  tardy  additions  to  the  blood  as  storage 
cells  when  the  hsemoglobin  diffused  in  the  plaama,  as  it  is  in 
many  invertebrates  and  in  certain  low  vertebrates,  failed  to 
satisfy  the  needs  of  the  vital  process.  Having  been  brought  to 
the  conclusion  that,  contrary  to  what  is  now  taught,  it  is  the 
plasmatic  haemoglobin  which  carries  oxygen  to  the  tissues  and  not 
the  red  cells  (though  these  act  as  storage  cells  for  it  as  a  con- 
stituent of  their  albuminous  haemoglobin),  I  traced  this  sub- 
stance in  various  tissues  and  organs,  including  the  nervous 
system,  the  guaiac  and  methylene-blue  tests  being  those  most 
frequently  employed.  Again,  I  found  that  the  oxidases  gave  the 
reactions  of  the  oxygen-laden  adrenal  secretion.  Hence  the 
term  I  applied  to  the  latter:  adrenoxidaseJ"^ 

On  the  whole,  this  evidence,  considered  collectively,  seems 
to  me  to  afford  a  solid  foundation  for  the  conclusion  that 

It  is  the  adrenal  secretion  which,  after  absorbing  oxygen 
from  the  pulmonary  air  and  being  taken  vp  by  the  red  corpuscles, 
supplies  the  whole  organism,  including  the  bloody  with  its  oxygen. 
It  is,  as  such,  the  oxidizing  constituent  of  the  haemoglobin,  which, 
in  turn,  sxistains  tissue  oxidation  and  metabolism. 

It  has  been  confirmed  experimentally  by  Crile  and  Men- 
ten^"  and  by  Menten  ^'**  who  found  that  adrenalin  endowed 
venous  blood  with  the  })owcr  to  I)ec'ome  converted  into  arterial 
blood,  and  enabled  haemoglobin  Uy  l>econie  cban^red  to  oxy- 
haemoglobin. 

Additional  evidence  in  favor  of  this  conception  of  the  role 

^*  Morel:     Le  Progrts  mMlcal,  Aug.   3,  1903. 

"  Lupine:     La  Semaine  mMlcale.  Feb.  18,   1903. 

^«  Sajous:     The  jwesent  work,  p.  828 

^  Saious:     Ibid.,  p.  822. 

"Crile  and  Menten:     Amer.  Jour,  of  Physiol.,  vol.  xxxviii,  p.  225,  1915. 

»•  Crlle  and  Menten:    Ibid.,  vol.  xliv.  p.  17G,  1917. 
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of  the  adrenal  secretion  is  afforded  by  the  fact  that  it  accounts^ 
as  will  be  shown  by  a  few  examples,  for  the  properties  of  the 
adrenal  secretion  and  preparations  that  the  prevailing  restricted 
view  fails  to  explain. 

Increased  oxidation  clearly  accounts,  for  instance,  for  the 
observations  of  Beichert,  Morel,  Lepine  and  others,  referred  to 
above,  that  even  non-toxic  doses  of  adrenal  extractives  produce 
a  rise  of  temperature,  or  those  of  IsraeF*  which  showed  the  great 
frequency  of  fever  in  tumors  of  the  adrenals,  or  those  of  Cour- 
mont*°  in  which  adrenal  grafts  produced  without  the  least 
evidence  of  infection  what  he  characterized  as  a  "formidable 
hyperthermia."  In  the  latter  cases  it  persisted  until  death  oc- 
curred. Nor  is  it  an  ephemeral  phenomenon,  as  is  the  case 
with  the  rise  of  blood-pressure,  in  the  experimental  use  of 
adrenal  preparations,  for,  as  lleichert  observed  in  his  experi- 
ments, the  high  temj)erature  persisted  as  much  as  two  hours  in 
some  of  the  animals. 

Again,  adrenal  preparations  are  said  to  raise  flie  blood- 
pressure;  but  this  occurs  only  under  the  influence  of  excessive 
doses  or  after  their  prolonged  use.  This  effect  becomes  clear, 
however,  when  the  adrenal  secretion  as  the  active  constituent  of 
hsemoglobin  is  regarded  as  the  oxidizing  agent  of  the  tissues^ 
and,  as  such,  an  active  factor  in  metabolism.  The  muscular 
elements  of  the  arteries  being  tliemselves  the  seat  of  increased 
metal)olic  activity,  they  are  caused  to  contract,  thus  raising  the 
ilood-pressure.  As  shown  by  Oliver  and  Schafer,  however, 
there  is  also  a  direct  action  on  the  arterioles,  and  by  Meltzer®*  a 
similar  action  on  the  endotlielium  of  the  capillaries.  This  local 
effect  is  due  also  to  the  enhanced  metabolic  activity  of  the 
adrenal  product,  its  identity  as  catalyzer  enabling  it  to  activate 
oxidation  in  any  tissue  with  which  it  comes  into  contact. 

The  excessive  growth  of  children  caused  by  hypernephroma 
also  finds  its  iionnal  explanation  in  the  inordinate  oxidation,  due 
to  the  overproduction  of  adrenal  secretion.  F.  de  Mira^^*  foimd 
experimentally  that  the  adrenals  stimulated  growth  in  general. 
The  surjjlus  of  metabolic  activity  clearly  accounts  for  the  en- 
hanced nutrition. 


7»  Israel,  cited  by  Moffltt:    Boston  Med.  and  Surg.  Jour.,  Oct  8.  1908. 
**Gourmont:     Congrds  de   MMoclne   Interne.   Montpellier,   1898. 
•*  Meltzer:     Amer.  Jour.   Med.  Sci.,  Jan.,   1905. 
«■  F.  de  Mlra:    C.-r.  de  la  Societ6  de  Biologies  Oct.  25,  1912. 
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In  its  relations  to  general  diseases^  tlie  identity  of  the 
adrenals  as  the  controlling  agents  of  oxidation  accounts  for 
that  ubiqnitous  symptom^  fever,  the  mechanism  of  which  has  also 
remained  obscure.  This  gives  these  organs  a  prominent  place  in 
pathology.  Indeed^  if  the  modem  doctrine  that  fever  up  to  a 
certain  limit  is  the  outward  expression  of  an  auto-protective  or 
immunizing  process  is  sound — ^and  the  bulk  of  evidence  strongly 
sustains  this  view — ^the  adrenals^  as  direct  factors  in  fever,  become 
also  direct  factors  in  protecting  the  body  against  disease.  Their 
role  in  the  economy  thus  assumes  noble  proportions  in  the  ex- 
treme, since  by  their  influence  on  tissue  oxidation  the  adrenals 
sustain  life,  while  through  their  participation  in  immunity  they 
defend  life. 

Addison's  disease  may  be  due,  as  is  well  known,  -to  tuber- 
culosis, cancer,  cirrhosis,  and  other  organic  disorders  of  the 
adrenals,  or  to  pathologic  changes  in  the  solar  plexus  and  semi- 
lunar ganglia.  But  how  do  these  lesions  cause  the  Addisonian 
sjTidrome  in  all  its  complexity?  Many  theories  have  been 
vouchsafed,  but,  in  truth,  as  Anders**^  puts  it,  "the  pathologic 
connection  between  the  symptomatic  phenomena  of  Addison's 
disease  and  the  anatomic  lesions  has  not  been  made  out."  Now, 
consider  the  disease  with  the  adrenals  as  governing  oxidation  and 
metabolism:  The  adrenals  being  the  seat  of  destructive  lesions, 
these  three  conjoined  functions  increasingly  show  signs  of 
deterioration;  hence  the  low  temperature  and  clammincfs  due  to 
deficient  oxidation;  the  marked  and  pro<]^ressive  asthenia,  with 
great  lassitude,  due  to  inadequate  metabolism  in  all  muscles;  the 
Fniall  and  feeble  pulse  and  weak  heart  action  and  steady  lowering 
of  the  blood-pressure  due  also  to  inadequate  metabolism  in  the 
cardiac  and  vascular  muscles;  the  tendency  to  vertigo  and  the 
mental  torpor  due  to  ischaBmia  of  the  cerebrum,  the  result,  in 
turn,  of  the  general  vasodilation  and  of  the  resulting  withdrawal 
of  blood  into  the  deep  vessels,  and,  finally,  the  bronzing,  due  like- 
wise to  vaso-relaxation  and  circulatory  torpor,  the  latter  entailing 
tlie  deposition  in  the  epidermis  of  what  has  been  found  chemically 
to  be  the  oxidized  adrenal  product,  i."*.,  melanin. 

The  experimental  production  of  glycosuria  by  injections  of 
adrenalin  reported  by  Blum,  Croftan,  Herter,  and  others  is  now 

•"Anden:     "PracUce  of  MediciDe."  p.  489,  9th  ed.,  1909. 
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familiar  to  every  one.  The  labors  of  Pollak**  have  shown  that, 
as  I  had  previously  suggested,  this  form  of  glycosuria  was  duje  to 
some  relationship  between  the  adrenal  product  and  the  hepatic 
glycogen.  But  what  is  this  relationship?  Here,  again,  the  role 
of  the  adrenals  in  oxidation  and  metabolism  supplies  the  ex- 
planation. By  raising  the  blood's  asset  in  oxygen,  the  adrenal 
active  principle  injected  raises  the  rate  of  metabolic  activity 
throughout  the  entire  organism,  including,  of  course,  the  pan- 
creas. This  organ  being  caused  to  secrete  an  excess  of  amy- 
lopsin,  which  in  turn  converts  an  excess  of  glycogen  into  sugar, 
the  proportion  of  the  latter  in  the  blood  soon  exceeds  the  needs 
of  the  body,  and  the  surplus  is  eliminated  in  the  urine.  The 
participation  of  tlie  adrenals  themselves  in  the  process  is  con- 
trolled by  various  facts.  Herter,  for  example,  found  that  glyco- 
suria was  caused  when  tlie  adrenals  were  compressed  in  such  a 
way  as  to  increase  the  outflow  of  secretion,  while,  conversely, 
ligation  of  the  adrenal  veins  which  transfer  tlie  secretion  to  the 
inferior  vena  cava  caused  the  sugar  to  diminish  rapidly. 

On  the  whole,  the  facts  submitted  indicate  that  the  function 
now  attributed  to  the  adrenals,  i.e.,  that  of  sustaining  the  tone  of 
the  vascular  si/stem,  is  but  a  feature  of  their  true  function:  that 
of  sustaining  pulmonary  and  tissue  respiration. 

Becent  labors  have  added  confimiator}^  evidence  to  that  sub- 
mitted. Thus,  while  Auer  and  Gates^'**  found  that  adrenalin 
was  at  once  absori)ed  from  the  air-cells,  raising  the  blood-pres- 
sure in  five  seconds,  Biernstein  and  Falta^^**  noted  that  injections 
of  adrenalin  increased  the  intake  of  oxygen  and  the  output  of 
carbonic  acid.  Jackson**^*^  obsen'ed  a  prompt  dilatation  of  the 
bronchioles,  and  Janusclike  and  Pollak**^**  an  increase  of  tlie 
respirator}'  excursions,  and  in  the  depth  of  these,  according  to 
Nice,  Rock,  and  Courtright**^*.  Finally,  we  have  seen  on  page 
67  tliat  Crile  and  Menten  and  subsequently  Menten  proved  ex- 
perimentally the  correctness  of  my  earlier  contention  that 
adrenalin  enabled  lia^moglobin  to  become  converted  into  oxy- 
ha?moglobin  in  the  lungs. 

«wpollak:    Arch.  f.  exper.  Path.  u.  PhaTm.,  Bd.  Ixl,  S.  149. 

»*•  Auer  and  Gates:    Jout.  of  Elxper.   Med.,  xxUl,  757.  1916. 

*»*»  Bernstein  and  Palta:     London  Lancet,  June  29,  1912. 

*»*^  Jackson:    Jour,  of  Pharm.  and  Expcr.  Ther.,  Mar.,  1913. 

**»  Januschke  and  Pollak:     Anhiv.  f.  exper.  Path,  u.  Pharm.,  Ixvl,  205,  1911. 

•••Nice,  Rock,  and  Courtright:     Amer.  Jour,  of  Physiol.,  June  1,  1914. 
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That  the  adrenals  are  functionally  governed  is  obvious,  their 
controlling  center  seemB  located  at  the  base  of  the  brain. 

Bemoyal  of  both  hemispheres  does  not  influence  tempera- 
tare^  as  shown  by  Fred^ricq,**  Goltz,  and  others.  Corin  and 
van  Beneden*"  found  in  fact  that,  in  decerebrated  pigeons,  the 
oxygen  intake  and  the  carbonic  acid  output  did  not  differ  from 
that  of  normal  pigeons.  Pembrey***  states  moreover  that  "the 
rapid  rise  in  temperature  which  occurs  when  a  hibernating 
marmot  awakens  is  not  prevented  by  removal  of  the  cerebral 
hemispheres."  This  applies  as  well  to  so  high  a  mammal  as  the 
dog,  in  which,  as  shown  by  Goltz,*^  removal  of  the  hemispheres, 
including  a  part  of  the  optic  thalami  and  corpora  striata  (whose 
functions  are  also  annulled  by  removal  of  the  cortex,  the 
impulses  of  which  they  transform  and  transmit),  did  not  inter- 
fere with  any  purely  vegetative  function.  Evidently,  therefore, 
although  the  hemispheres  and  the  basal  ganglia  can,  when  the 
seat  of  lesions,  cause  a  rise  of  temperature,  the  heat  center  is  not 
located  in  these  organs. 

The  base  of  the  brain,  however,  asserts  itself  as  a  pathway 
for  thermogenic  impulses.  While  Tschetschidiin,  in  1866, 
Schreiber,**  and  Keichert****  located  a  thermoaugmcntor  center  in 
the  pontobulbar  region,  Ott,®^  Tangl,^^  and  Sakowitsch"-  obtained 
a  marked  rise  of  temperature  by  producing  lesions  higher  up, 
i.e.,  in  the  floor  of  the  third  ventricle  and  tlie  tuber  cinereuni. 
But,  as  Kichet  has  long  held,  and  as  Schiifer^''  states,  examina- 
tion of  such  experinientvS  shows  that  "the  results  are  closely 
dependent  upon  the  estahlishnient  of  an  irritative  lesion  in  parts 
whicli  are  eitlier  directly  in  or  in  close  proximity  to  the  path 
taken  by  motor  impulses.''  On  the  wliole,  the  thermogenic 
lesions  in  the  basal  tissues  must  have  irritated  nerve-paths  from 
ponie  structure  beneath  the  hemispheres. 

»*Fr#d^rIcq:    Arch,  de  blol..  lii.  p.  747,  1882. 

"Corln  and  van  Beneden:    Ibid.,  vii,  p.  2fi5,  18S9. 

••Pt-mbrey:     Schafpr's  "Text-book  of  Physiology."   I.   p.   864.   1898. 

•^  Goltz:     Arch.  f.  d.  ges.  Physiol.,  11.  p.  570.   1892. 

••  Srhrolber:     Ibid.,  vlll.  p.  576. 

••  Refchert:     Jour.  Amer.   Med.  Assoc,  January  18,  1902. 

••Ott:    Therap.  Oaz..  June  15,  1903. 

•>Tangl,  cited  by  Ott:    Ibid. 

••Sakowitsch:     Neurol.  Centralbl..  xvl,  p.  520,  1897. 

"Sch&fer:    Loc.  cit.,  ii,  p.  717. 
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Further  study  of  the  question  then  showed  that : — 

The  pituitary  body  sends  nerve- fibers  upward  to  the  tuber 
cinereum  and  the  walls  of  the  third  ventricle,  and  thence  to  the 
pontobulbar  region  and  spinal  cord. 

As  just  shown,  the  heat  center  can  only  be  located  beneath 
the  brain  and  basal  ganglia.  Now,  anterior  to  the  optic  thalami, 
the  corpora  striata,  and  the  seat  of  the  thermogenic  lesions  pro- 
duced by  Ott  and  others,  there  exists  no  organ,  capable  of  gener- 
ating nerve  impulses  by  way  of  the  tuber  cinereum  other  than 
the  pituitary  body.  The  labors  of  many  investigators  in  recent 
years  have  overthrown  the  view  that  any  part  of  the  pituitary 
body  of  man  is  vestigial.  As  Herring'*  concluded  recently  on 
histological  grounds,  "it  is  an  organ  of  physiological  importance.'' 
The  various  kinds  of  nerve-cells,  neuroglia-cells,  and  ependyma- 
cells  described  by  Berkley  in  the  posterior  lobe  are  of  as  great 
physiological  importance,  from  my  viewpoint,  as  any  in  the  body 
at  large.  Gushing*"  recently  confirmed  by  a  large  number  of 
experiments  the  fact  previously  emphasized  by  many  investi- 
gators, that  complete  removal  of  the  pituitary  invariably  pro- 
duced death. 

Sappey,  Luschka,  Muller,  and  others  of  the  older  anato- 
mists refer  to  the  presence  of  nerve-fibers  passing  from  tlie  pitui- 
tary body  along  its  pedicle,  up  to  the  third  ventricle.  But  it  was 
only  after  the  Golgi  method  had  been  introduced  that  this  fact 
could  be  placed  on  a  solid  basis.  Ramon  y  CajaP*  then  found 
that  the  fibers  passed  upward  to  a  large  nucleus  behind  the  optic 
thalami.  Joris®^  also  found  histologically  that  *^umerous  fibers 
descend  in  parallel  lines  along  the  pedicle  of  the  pituitary. 
They  do  not  all  come  from  the  retro-optic  nucleus,"  he  writes; 
*^8oirie  come  from  regions  posterior  to  the  infundibulum".  .  . 
Bcarin<x  directly  upon  the  production  of  thermogenic  impulses 
is  the  discovery  by  Gentes**®  of  fibers  which  pass  from  the  pitui- 
tary to  the  tuber  cinereum.  Andriezen®*  had  also  traced,  in  the 
white  mouse,  fibers  from  the  pituitary  to  the  pons. 

We  thus  have  a  direct  nerve  path  from  the  pituitary  to  the 

•*  Herring:    Quarterly  Jour,  of  Exp.  Physiol.,  !,  No.  2,  1908. 
•*  Gushing:    Jour.  Amer.  Med.  Assoc,  p.  249.  1909. 

^  Ramon  y  Cajal:    Anales  de  la  Soc.  espafiola  de  hist,  nat.,  2a  Serla,  xxiU, 
p.  214,  1894. 

•^  Jorls:    M^m.  Couron.  de  I'Acad.  Roy  de  Belgique,  xlx,  part  10,  1908. 
»Gentes:     C.  r.  de  la  Soc.  de  biol.,  Iv,  p.  1560,  1903. 
••Andrlezen:    British  Medical  Journal,  January  13,  1894. 
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pontobulbar  region — ^the  identical  tract  along  which,  at  various 
points,  the  lesions  produced  by  Ott,  Tangl,  Sakowitsch,  and 
Beicfaert  provoked  a  marked  rise  of  temperature.  We  will  see 
presently  that  this  path  is  continued  down  the  cord,  and  that  it 
eventually  reaches  the  adrenals. 

The  next  feature  determined  was  a  striking  functional 
correlation  between  the  pituitary  and  the  adrenals.  Schiifer  and 
Herring'®**  recently  emphasized  this  parallelism  not  only  as  to 
their  function,  but  also  as  to  their  development  and  structure. 
I  ascertained,  for  example,  that 

The  pituitary,  like  the  adrenals,  influenced  general  oxida- 
tion and  the  temperature,  and  also  general  metaholism  and 
nutrition. 

Although  removal  of  the  hemispheres  does  not  influence  the 
temperature,  as  we  have  seen,  removal  of  the  pituitary  deeply 
affects  this  process.  Marinesco'*'  and  A'assale  and  Sacchi*^^ 
obsened  that  it  was  followed  by  increasing  hypothermia.  This 
cannot  be  ascribed  to  operative  shock,  for  ^lasay***'  first  trephined 
the  sella  turcica  to  expose  the  pituitary,  and  allowed  the  animal 
to  recover  after  this — ^the  most  violent  step  of  the  experiment. 
The  result  of  subsequent  removal  was  the  same.  Andriezen^^* 
and  other  authors  also  refer  to  a  steady  decline  of  temf)erature. 
Paulesco*^  noted  that  this  decline  was  progressive  until  death 
occurred.  Pirrone*"**  states  that  the  main  symptoms  are  refer- 
able to  the  "vascular  and  respiratory  systems  and  the  tempera- 
tun\'^  The  relationship  with  the  respiratory  j)ro(rss  is  further 
?hown  by  the  marked  disturbances  of  this  class,  dyspncra, 
polypncea,  etc.,  noted  by  Cyon,  Andriezen,  Masay,  and  other 
expcTim  enters. 

The  impairment  of  general  metalM)lisni  through  deficient 
oxygenation  must  necessarily  inhibit  nutrition.  Praetically  all 
investigators  reefer  to  rapid  emaeiaticm  and  eachexia  as  prominent 
symptoms.  In  a  dog  which  survived  sixteen  days'  removal  of 
the  organ,  Thaon^**^  observed  "a  progressive  emaciation,  followed 

'"•  Schafcr  and  Herring:     Philos.  Transactions,  cxolx.  p.  29.  lOOG. 
»'*>  Marinesco:     DuU  de  la  Soc.  dc  blol.,  p.  COO.  June  4,  1SI>2. 
"- Vassal p  and  Sarchf:     Arch.  Ital.  de  blol.,  ^^xli.  p.  \2?,.  ISO'.. 
''^Maaay:      Arch,    de   la   Soc.    roy.    de    sci.    m6d.    et   nat.    do    Uruxrllos,    xll, 
part  3.  p.   1,   19(W. 

*•**  Andriezen :     Lor.  rit. 

»•»  Paulesoo:     Jour,  de  physiol.  et  de  path,   g^n.,  No.  3.  p.  441,  1907. 

>*•  Plrrone:     Rfforma  medica,   Fr-bruary  25,   1903. 

wXhaon:     L'Hypopliyse,  p.  90,   1907. 
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by  death  in  extreme  cachexia/*  Caselli/**®  Pirrone/®'  and 
Masay"®  also  allude  to  this  phenomenon.  Fuchs"^  and  many 
other  authors  urge  the  close — though  obscure — ^relationship  be- 
tween the  pituitary  and  bodily  metabolism.  Striking  evidence 
of  the  influence  of  the  pituitary  on  metabolism  and  nutrition  is 
afforded  by  its  role  in  gigantism  and  acromegaly,  the  excessive 
growth  during  the  period  of  hyperplasia  of  the  organ,  and  the 
steady  decline  from  the  time  degeneration  of  its  anterior  lobe 
begins.  A  relationship  with  the  adrenals  is  suggested,  moreover, 
by  a  familiar  8}Tnptom  of  the  cachectic  stage  of  acromegaly,  of 
which  Harlow  Brooks^"  says:  "A  general  brownish  pigmenta^ 
tion  is  present  in  the  average  case,  which  at  times  strongly 
resembles  that  found  in  Addison's  disease.** 

Another  feature  attesting  to  the  parallelism  between  the 
pituitary  and  the  adrenals  is  that 

The  pituitary,  like  the  adrenals,  influences  the  blood- 
pressure. 

Cyon^^®  and  subsequently  Masay'^*  found  that  excitation  of 
the  exposed  pituitary  caused  a  marked  rise  of  blood-pressure — 
from  81  to  200  mm.  Hg.  in  one  instance.  Masay  attributed  this 
action  to  the  presence  ia  the  organ  of  a  secretion  which  the 
excitation  and  accompanying  pressure  forced  into  the  circula- 
tion. While  no  one  can  assert  today  that  such  a  secretion  is  not 
produced  by  the  pituitary  body,  the  actual  existence  of  such  a 
secretion  or  its  functions  has  not  so  far  been  demonstrated. 
The  substance  considered  as  such  is  rich  in  albuminoiis  hsemo- 
globin,  and  it  is*  the  adrenal  principle  it  contains  which,  in  my 
opinion,  causes  the  rise  of  blood-pressure  obtained  by  injections 
of  the  extract.  When  the  pressure  is  marked,  the  kidneys,  being 
passively  congested,  dilate,  and  diuresis  is  caused.  The  effects 
observed  experimentally  are  thus  accounted  for  without  the  need 
of  a  secretion  to  do  so.  This  applies  also,  from  my  viewpoint,  to 
several  so-called  "internal  secretions."  Testicular  juice  or 
orchitic  extract,  for  instance,  is  an  oxidizing  ferment  and  cata- 


^<"  Caselli:    Studi  anat.   e  sperlm.   BuUa  fleio-pat.  deUa  glandula  pltuitarla. 
1900. 

»<*  PIrrone:     Loc.  cit. 

*i®  Masay:     Loc.  cit. 

"1  Fuchs:    Wiener  med.  Woch.,  February  8,  1903. 

1"  Harlow  Brooka:     Archives  of  Neurol,  and  Psychol.,  I,  p.  435,  1898. 

"*Cyon:    Arch,  de  physiol.,  x,  p.  618,  1898. 

"*  Masay:    Loc,  cit. 
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lyzer;  it  is  found  in  all  tissues^  in  the  female  as  well  as  in  the 
male;  it  gives  crystals  of  haemin  with  Florence's  test,  etc.,  and 
other  reactions  peculiar  to  the  adrenal  and  thyroid  principles — 
both  of  which  are  also  found  in  all  tissues.  A  close  examination 
of  Masay's  report,  moreover,  does  not  sustain  his  opinion  that 
the  rise  of  blood-pressure  is  to  be  ascribed  to  a  secretion  produced 
by  the  pituitary.  The  rise  of  pressure  was  instantaneous  and 
general — a  fact  which  points  either  to  vasoconstriction  through 
nerves  or  to  the  action  of  some  intensely  active  and  evanescent 
principle.  Both  these  factors  are  available.  Not  only  is  the 
pituitary  known  to  be  related  with  the  sympatlietic  system,  but 
Langley***  has  called  attention  to  the  remarkable  fact  that  "the 
effects  produced  by  adrenalin  upon  any  tissue  are  such  as  follow 
excitation  of  the  sympathetic  ner\'e  which  supplies  the  tissue," 
a  conclusion  confirmed  by  several  observers.  This  paradoxical 
fact  is  clearly  explained  by  the  presence  of  the  adrenal  principle 
in  the  haemoglobin.  When  Cyon  and  Masay  excited  the  pituitary, 
therefore,  they  merely  caused  s^nnpathetic  constriction  of  all 
arterioles,  including  their  offshoots  the  vasa  vasorum ;  the  walls 
of  all  vessels  receiving  an  excess  of  albuminous  hfrmoglobin 
(adrenoxidase)  they  contracted,  thus  causing  a  rise  of  blood- 
pressure. 

Again,  as  is  well  known,  tlie  adrenals  are  intiniatoly  con- 
nected with  the  abdominal  ganglia  and  are,  enibryologically, 
sympathetic  structures.  Their  vessels  being  likewise  influenced, 
a  sudden  excess  of  secretion  furnished  a  second  cause  for  the 
ephemeral  rise  of  blood-pressure  observed  by  Masay.  The  power 
of  the  adrenal  secretion  to  cause  such  a  rise  is  generally  recog- 
nized. Schafer^**  characterizes  as  "astounding"  the  minuteness 
of  the  dose  of  adrenal  extract  that  will  excite  physiological 
effects;  5.7  millionths  of  a  gramme  of  /Vhel's  cpinephrin  sulphate 
to  each  kilo  of  body  weight  wai?  found  by  livid  Hunt^^^  to  cause 
a  rise  of  blood-pressure  of  GG  mm.  llg.  \s  to  tlie  action  on  tlie 
heart,  Oliver  and  Schafer^^^  found,  as  is  well  known,  that  adrenal 
products  not  only  acted  directly  on  the  muscular  walls  of  blood- 
vessels, causing  them  to  contract  (which  accounts  for  the  rise  of 


«« Langley:     HIU'b  Recent  Advances  in  Physiology,  p.  584,  1906. 

"•  Scb&fer:    Textbook  of  Physiology,  I.  p.  957.  189S. 

*"  Reid  Hunt:    Amer.  Jour,  of  Physiol.,  v,  p.  7,  19ol. 

»»  Oliver  and  Schafer:    Jour,  of  Physiol.,  xvl,  p.  1,  1894;  xvli,  p.  9,  1895 
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blood-pressure),  but  also  upon  the  muscular  wall  of  the  heart. 
Finally,  the  rise  of  pressure  is  undoubtedly  produced  by  the 
adrenalin  extract  itself,  for  Strehl  and  Weiss^^®  found  that 
clamping  of  the  adrenal  veins  lowered  the  blood-pressure,  while 
release  of  these  vessels  restored  it  to  its  previous  level. 

Another  suggestive  fact  attesting  to  the  pituitaro-adrenal 
parallelism  is  that 

The  pituitary,  in  keeping  with  the  adrenals,  gives  rise  to 
glycosuria. 

Adrenal  extractives,  as  observed  by  Blum,^^®  Croftan,^*^ 
Metzger,**-^  Herter,  and  others,  cause  glycosuria.  The  adrenal 
secretion  evidently  provokes  the  phenomenon  also,  for  Herter 
and  Wakeman"'  found  that  compression  of  the  adrenals,  by 
increasing  the  outflow  of  secretion  into  the  adrenal  veins,  caused 
glycosuria,  while,  conversely,  adrenalectomy  was  followed  by  a 
marked  diminution  of  the  sugar  in  the  Wood.  Again,  we  have 
seen  that  tlie  adrenal  secretion  passes  from  the  adrenal  veins  into 
the  inferior  vena  cava;  Kauffmann^^*  found  that  when  this  great 
vessel  was  ligated  the  sugar  diminished  rapidly,  both  in  the  blood 
and  in  the  urine. 

Now,  the  influence  of  the  pituitary  over  glycosuria  is  quite 
as  marked.  M.  Loeb'^**  urged,  over  twenty  years  ago,  that  the 
glycosuria  which  accompanies  so  often  tumors  of  the  pituitary 
should  not  be  ascribed  to  mere  coincidence.  Marie  observed  it  in 
over  one-half  of  his  cases  of  acromegaly.  Borchardt^'®  tabulated 
176  patients  with  this  disease,  71  of  whom  had  glycosuria;  as  I 
had  five  years  earlier,^^^  he  ascribes  this  symptom  to  overactivity 
of  the  pituitary,  and  its  cessation  to  final  degeneration  of  this 
organ.  In  16  reported  cases  studied  by  Launois  and  Boy^^*  each 
subject  presented  at  the  autopsy  a  tumor  of  the  pituitary.  That 
the  glycosuria  is  not  due  to  pressure  of  the  enlarged  organ  upon 
the  basal  or  bulbar  tissues  is  shown  bv  the  fact  that  it  can  be 
produced  in  a  normal  organ.    Thus,  F.  W.  Pavy'-®  found  that, 

"•strehl  and  Weiss:    Pfltiger's  Archiv.  Ixxxvl,  p.  107.  1901. 
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**of  all  the  operations  on  the  sympathetic  of  the  dog  that  have 
yet  been  performed^  removal  of  the  superior  cervical  ganglion 
the  most  rapidly  and  strongly  produces  diabetes."  This  enig- 
matic result  finds  its  explanation  in  the  light  of  the  conclusions  I 
have  submitted:  The  superior  cervical  ganglion,  as  is  well 
known^  supplies  vasoconstrictor  filaments  to  the  pituitary; 
removal  of  this  ganglion  by  causing  relaxation  of  its  arteries 
causes  the  organ  to  become  hyperaemic  and  therefore  overactive, 
with  glycosuria  as  a  result.  Control  of  this  conclusion  is  afforded 
by  the  fact  that,  as  in  all  exacerbations  of  activity  thus  induced, 
the  symptom  was  fleeting,  as  shown  by  Pavy's  statement  that 
the  glycosuria  was  "only  of  a  temporary  nature." 

Having  now  ascertained  1,  that  the  pituitary  could  alone 
be  the  source  of  impulses  to  the  adrenals;  2,  that  this  organ 
projected  fibers  toward  the  bulb,  and,  3,  that  the  pituitary  and 
the  adrenals  gave  rise  to  similar  experimental  and  clinical 
phenomena,  it  became  a  question  whether  a  nerve-path  actually 
united  these  organs.    Study  of  this  question  showed  that 

The  phenomena  provoked  hy  both  the  pituitary  and  the 
adrenals  can  be  traced  by  irritation  or  sections  along  a  continuous 
path  leading  from  the  pituitary  to  the  adrenals. 

The  tuber  cinereum,  which,  we  have  seen,  receives  fibers 
from  the  })ituitar}',  extends  backward  toward  the  bulb.  Punc- 
tures along  the  upper  part  of  this  path  by  Ott,  Tangl,  and  others 
not  only  raised  the  temperature  and  quickened  tlie  respiration, 
but  a  Fcction  below  the  same  region  by  Sawadowsky^^"  and  Ott 
and  Scott' "^^  rendered  '  impossible  the  production  of  fever  by 
agents  kno^^-n  to  produce  it.  Caselli,'^-  moreover,  found  that 
irritation  of  the  same  tissues  produced  glycosuria. 

The  nerve-path  continuing  downward,  we  meet  in  the 
pontobulbar  region  the  thennogenic  center  of  Tschescliichin, 
Schreiber,  and  Reichert.  Suggestive  in  this  connection  is  the 
fact  that  Bruck  and  Giinther'^^  found  that  simple  puncture  with 
a  probe  between  the  pons  and  medulla  not  only  caused  a  marked 
rise  of  temperature,  but  that  this  rise  was  general.  The  respira- 
torv  center  is  a  familiar  classic  feature  of  the  medulla ;  we  have 
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seen  how  all  the  phenomena  evoked  by  the  adrenals  are  linked 
with  the  respiratory  process.  All  this  applies  as  well  to  Claude 
Bernard's  puncture  in  the  same  region  as  a  cause  of  glycosuria, 
and  due  in  the  light  of  all  this  evidence  to  irritation  of  the  path 
from  the  pituitary  to  the  adrenals. 

In  the  upper  portion  of  the  spinal  cord,  division  by 
Tscheschichin,"*  Bernard,^^°  and  Pochoy/'®  respectively,  in 
various  animals  sent  the  temperature  down  7°  to  16°  C.  in  from 
four  to  twenty-four  hours,  death  following  in  Pochoy's  animals. 
FiiegeP'^^  found  that  production  of  heat  was  diminished.  That 
glycosuria  is  produced  through  efferent  fibers  passing  downward 
in  the  upper  cord  is  shown  by  the  well-known  fact,  mentioned 
by  Stewart,"®  that  puncture  of  the  bulb  does  not  cause  glycosuria 
if  "the  spinal  cord  above  the  third  or  fourth  dorsal  vertebra  be 
cut  before  the  puncture  is  made.^^ 

This  level  of  the  cord  is  of  special  interest,  since  it  is  here 
that  the  nerve-path  to  the  adrenals  leaves  the  spinal  cord.  Here 
can  be  evoked  a  rise  of  blood-pressure  occurring  in  excess  of  that 
due  to  vasomotor  nerves.  Thus,  Frangois-Franck  and  Hallion"' 
obtained  a  rise  of  pressure  by  exciting  the  five  upper  dorsal  rami, 
and  also  by  stimulating  the  corresponding  segment  of  the  sympa- 
thetic chain,  although  the  vasoconstrictor  nerves  to  the  organ 
studied,  the  liver,  was  known  to  reach  this  organ  through  a 
lower  ramus,  the  sixth — a  limit  confirmed  by  Langley.^*®  But 
they  could  not  account  for  this  phenomenon.  Bulgak,  Bunch,^*^ 
Jacobi,^*^  and  others  also  obtained  marked  vasoconstrictor  effects 
by  exciting  these  upper  rami,  although  the  vasomotor  nerves  to 
the  organs  influenced  were  known  to  leave  the  cord  lower  down. 
In  other  words,  a  duplicate  source  of  vasoconstriction,  as  it  were, 
was  present  whose  nature  remained  obscure.  It  was  brought  to 
light,  however,  by  the  fact  that  Jacobi^*^  found  that  excessive 
inhibitory  consiridion  of  the  intestinal  vessels  ceased,  and  was 
replaced  by  normal  vasoconstriction  when  he  severed  the  nerves 
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to  the  adrenals.  The  intense  action  of  their  secretion  on  the 
blood-pressure  clearly  accounts,  from  my  viewpoint,  for  the 
excessive  constriction  observed. 

Briefly,  these  facts  indicate  jointly  that 

The  pituitariHidrenal  fbih  leaves  the  spinel  cord  through  the 
upper  four  or  five  rami,  to  enter  the  sympathetic  chain,  and 
then  the  great  splanchnic,  which,  through  the  intermediary  of  the 
semilunar  ganglia,  supplies  nerves  to  the  adrenals. 

That  this  path  is  the  true  one  is  shown  by  additional  data. 
Thus,  Goltz  and  Ewald***  found  that  animals  deprived  of  their 
spinal  cord  from  the  bulb  down  could  live  a  long  time — yesivs 
even — but  that  they  showed  a  striking  peculiarity,  even  after 
their  vessels  had  resumed  their  normal  caliber,  that  of  dying  of 
cold.  Ott^***  found,  however,  that  the  animals  were  able  to 
generate  their  usual  heat  when  the  section  was  made  below  the 
fifth  dorsal  vertebra.  This  is  evidently  because  the  pituitaro- 
adrenal  nerve-paths  had  left  the  cord  above  this  level  to  pass 
over  to  the  sympathetic  chain  and  the  splanchnic,  for,  although 
BiedP**  had  failed  to  increase  the  secretory  activity  of  the 
adrenals  by  exciting  electrically  all  the  median  and  lower  dorsal 
rami,  both  he  and  Dreyer^*^  had  succeeded  in  doing  so  by  stimu- 
lating the  great  splanchnic  nerve.  Proof  of  this  is  afforded 
In'  the  fact  that  the  greater  splanchnic  also  transmits  impulses 
to  the  adrenals  wliich  j)rovoke  glycosuria,  for  Laffont^^''  caused 
it  by  stimulating  tliis  nerve.  Moreover,  it  is  evidently  through 
a  nene-path  starting  at  least  in  the  medulla  that  glycosuria  is 
caused ;  for  Eckhard,  Kauffmann,^*®  and  others  found  that  even 
the  glycosuria  caused  by  Bernard's  puncture  ceased  when  the 
greater  splanchnic  was  severed.  There  can  be  no  doubt  that  it  is 
throu;zh  the  adrenals  that  the  glycosuria  is  caused,  for,  besides 
the  evidence  I  have  alreadv  adduced  to  this  effect,  A.  Maver^^^ 
found  tliat  Bernard's  puncture  failed  to  produce  this  symptom 
after  removal  of  the  adrenals. 

On  the  whole,  all  the  evidence,  of  which  the  foregoing  is  a 
part,  seems  to  me  to  have  shown : — 


»**GoItz  and   Ewald:     Archlv  f.   d.   ges.   Physiol.,  Ixlii,  pp.  362.  400,   1896. 
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i<«Blc>dl:     Arrh.   t.  d.   ges.   Physiol.,   Ixvii.   No.  9-10.   p.  443,   1897. 

'*•  Dreyor:     Amer.  Jour,  of  Phvsiol.,   ii.  p.  203.  1899. 

^**  Laffont,  cited  by  Laulanife:     EK'ments  de  physiologic,  2d  ed.,  p.  943,  W05. 
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1,  That  the  pituitary  is  connected  with  the  adrenals  by 
direct  nerve  paths;  2,  th^U  it  thus  governs,  through  the  adrenals, 
general  oxidation,  metabolism,  and  nutrition. 

The  secretory  function  of  the  pituitary  will  be  reviewed 
later.  ^ 

HTPOADRENIA. 

This  designation  is  submitted  as  a  more  exact  one  than 
the  term  ^^hypoadrenalism"  now  increasingly  used.  The  latter 
suggesting  to  the  uninitia^:ed  that  the  condition  it  describes  is 
one  of  habitual  insufficiency  of  the  adrenals  is  mjBleading,  since 
the  secretory  activity  of  these  organs  is  subject  at  all  times, 
even  where  advanced  lesions  exist,  to  fluctuations.  The  phrases 
"insufficiency  of  the  adrenal"  and  "adrenal  insufficiency^'  por- 
tray more  acceptably  the  true  condition  present,  but  they  are 
as  ill  calculated  to  designate  this  condition  from  a  scientific 
standpoint  as  would  "deficiency  of  red  corpuscles''  for  anemia. 

While  we  owe  to  Addison,  a  clinician,  the  first  observations 
(1855)  which  indicated  that  tlie  adrenals  were  of  signal  im- 
portance to  the  welfare  of  the  organism  it  was  Brown-S^quard, 
a  physiologist,  who  (1856),  we  have  seen,  first  demonstrated 
their  true  importance  to  life.  The  s}Tnptom&  caused  by  a 
deficient  production  of  adrenal  secretion  were  not,  however, 
erected  to  the  rank  of  a  special  syndrome  quite  independent 
of,  and  capable  of  occurring  without  the  presence  of,  Addison's 
disease,  and  as  a  manifestation  of  other  diseaj^es,  until  Sergent 
and  Bernard*'^  did  so  in  1899. 

Viewed  from  my  standpoint,  however,  the  symptom-com- 
plex of  this  condition  is  subject  to  quite  a  different  interpreta- 
tion than  the  prevailing  one,  all  the  labors  anterior  to  my  own 
having  taken  as  foundation  only  two  functions:  that  of  sus- 
taining the  cardio- vascular  tone  (Oliver  and  Schafer),  and  that 
of  producing  an  antitoxic  substance  capable  of  neutralizing  toxic 
productsi  of  muscular  activity,  and  other  undetermined  poisons 
(xVbelous  and  Langlois).  The  processes  through  which  these 
effects  are  brought  about  having  remained  obscure,  however,  more 
or  less  empirical  conceptions  have  had  to  be  employed  to  fill  the 
gaps.  Thus,  the  muscular  asthenia  in  Addison's  disease  is  attrib- 
uted to  the  toxic  effects  of  the  muscular  poisons  that  the  adrenals 


"^  Sergent  and  Bernard:     Archives  g6n.  de  ni6d.,  July,  1899. 
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in  their  normal  state  should  have  destroyed^  while^  to  explain 
bronzing,  irritation  of  the  sympathetic  plexuses  around  the 
adrenals  has  to  be  invoked.  The  hypothermia,  dyspnoea,  and 
other  symptoms  are  indifferently  attributed  to  the  low  blood- 
pressure  or  to  the  intoxication.  If  we  ask,  however,  how  irri- 
tation of  the  sympathetic  plexus  produces  bronzing,  or  why 
after  adrenalectomy  the  temperature,  both  rectal  and  peripheral, 
steadily  declines,  or  fathom  to  any  depth  the  explanations  that 
are  furnished,  it  soon  becomes  apparent  that  some  important 
factor  is  missing. 

It  is  this  factor  which  my  labors  seem  to  me  to  have  sup- 
plied. They  afford  an  explanation  of  all  the  symptoms  brought 
on  by  inadequate  functional  activity  of  the  adrenals.  Being 
based  primarily  upon  the  array  of  experimental  data  submitted 
in  the  earlier  portion  of  this  chapter,  they  also  constitute  a 
foundation  for  a  more  exact  conception  of  the  various  disor- 
ders of  the  adrenals  than  the  prevailing  teachings  afford. 

Another  feature  which  my  interpretation  of  the  functions 
of  the  adrenals  seems  to  me  to  elucidate,  as  will  be  shown  in 
a  special  chapter,  is  the  process  through  which  these  organs 
carry  on  antitoxic  functions  other  than  those  concerned  with 
toxic  wastes  of  muscular  origin.  This  property,  observed  by 
Alhanese,^*^  who  noted  a  decreased  resistance  of  decapsulated 
frogs  to  neurine  as  compared  to  normal  frogs,  v,%h  first  placed 
on  a  solid  footing  by  the  researches  of  Abelous^^'  and  Langlois, 
which  showed  similar  results  with  atropine  in  the  frog,  and 
strychnine  and  curare  in  the  rabbit,  though  less  marked. 
Charrin  and  Langlois^^*  then  found  that  the  addition  of 
adrenal  extract  to  nicotine  in  vitro  reduced  the  toxic  activity 
of  the  latter,  and  that  injected  nicotine  was  also  less  poisonous 
when  adrenal  extract  was  added  to  it.  Oppenheim^*^*^  then 
obtained  uncertain  results  with  potassium  arsenate  and  atro- 
pine, but  marked  results  with  phosphorus,  guinea-pigs  in  which 
the  injection  of  this  toxic  was  followed  by  that  of  adrenal 
extract  surviving  from  two  to  four  times  longer  in  some  in- 


1^  Albanese:     Arch.   Italiennes  de  Biol.,   pp.  49  and  338.   1892. 

!■*  Abelous:  Rev.  O^o^rale  des  Sciences,  May  15,  p.  273,  1893,  and  Bull,  de  la 
Soc.  de  Biol..  April  2.   1898. 

'^  Charrin  and  Langlois:     Bull,  de  la  Soc.  de  Biol.,  p.  708.  1896. 

i'^  Oppenbeim :  Bull,  de  la  Soc.  de  Biol..  March  22,  1901;  also  "Les  Cap- 
sules Surr^nalea.    Leur  fonctlon  antitoxique,"  Paris.  1902. 
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stances,  and  altogether  in  others.  Strychnine,  ^/^o  grain,  which 
killed  guinea-pigs  in  three  and  four  minutes,  produced  but  few 
spasms  and  proved  harmless  as  to  life  when  its  injection  was 
followed  a  minute  later  by  one  of  2  c.c.  of  adrenal  extract.  A 
larger  dose  of  strychnine  (V^s  grain)  proved  fatal,  however. 
These  and  other  experiments  with  various  toxins  led  Oppen- 
heim  to  conclude  that  "the  adrenals,  which  normally  destroy 
poisons  elaborated  during  muscular  work,  assume  great  impor- 
tance during  pathological  states  and  must  be  classed  among  the 
most  useful  of  protective  organs." 

On  the  whole,  in  the  light  of  the  personal  views  submitted, 
hypoadrenia  or  insufficiency  of  the  adrenals  means  far  more 
than  the  effects  of  lowered  blood-pressure  and  the  adequate 
destruction  of  muscular  wastes;  it  means  besides:  inadequate 
oxidation  and  therefore  imperfect  tissue  metabolism  and  nutri- 
tion, and  also  impairment  of  the  auto-protective  functions  of 
the  body  at  large. 

The  bearing  of  this  conclusion  will  be  gradually  developed 
while  analyzing  the  three  clinical  forms  into  which  I  have 
divided  hypoadrenia, — a  classification  which  appears  to  me  nec- 
essary to  enable  us  to  apply  prophylactic  and  remedial  measures 
judiciously.     These  three  forms  are  the  following: — 

1.  Functional  hypoadrenia,  a  form  in  which  the  adrenals, 
though  not  the  seat  of  organic  lesions,  are  functionally  deficient 
because  of  tardy  development,  debilitating  influences  such  as 
fatigue,  starvation,  etc.,  and  old  age; 

2.  Progressive  hypoadrenia,  or  Addison's  disease,  a  form 
in  which  the  functions  of  the  adrenals  or  of  their  secretory 
nerves  are  progressively  impaired  by  organic  lesions,  tubercu- 
losis, cancer,  fibrosis,  etc.; 

3.  Terminal  hypoadrenia,  a  fonn  which  occurs  as  a  more 
or  less  tardy  complication  of  infectious  diseases  and  toxaamias, 
owing  to  exhaustion  of  the  secretory  activity  of  the  adrenals 
during  the  earlier  and  febrile  stage  of  the  causative  disease. 

FUNCTIONAL  HYPOADRENIA. 

The  adrenals  playing  so  important  a  role  in  the  main- 
tenance of  the  life  process  itself,  it  is  obvious  that,  apart  from 
any  organic  lesion  in  these  organs,  any  marked  depression  of 
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their  functional  activity  should  manifest  itself  by  symptoms  cor- 
responding with  this  depression.  To  the  symptom-complex  of 
this  condition  I  have  given  the  name  of  "functional  hypo- 
adrenia''  to  distinguish  it  from  the  forms  due  to  destructive 
disorders  of  the  adrenals^  which  constitute  Addison's  disease, 
and  offer,  of  course,  a  far  graver  prognosis.  As  a  definition  of 
this  condition,  I  would  submit  that 

Functional  hypoadrenia  is  the  symptom-complex  of  defi- 
cient activity  of  the  adrenals  due  to  irihdequaie  development, 
exhaustion  by  fatigue,  senile  degeneration,  or  any  other  factor 
which,  without  provoking  organic  lesions  in  the  organs  or  their 
nerve-paths,  is  capable  of  reducing  •  their  secretory  activity. 
Asthenia,  sensitiveness  to  cold  and  cold  extremities,  hypoten- 
sion, weak  cardiac  action  and  pulse,  anorexia,  anwmia,  slow 
metabolism,  constipation,  and  psychasthenia  are  the  main  symp- 
toms of  this  condition. 

The  field  covered  by  functional  hypoadrenia  is  necessarily 
a  vast  one,  since  it  includes  the  asthenias  so  often  met  with 
in  the  four  main  stages  of  life:  infancy,  childhood,  adult,  and 
old  age,  usually  attributed  to  "weakness''  or  "exhaustion,"  and 
often  ^Neurasthenia,"  which  have  been  traced  to  no  tangible 
cause.  All  I  can  submit  herein,  therefore,  is  a  cursory  analysis 
of  the  subject. 

Functional  Hypoadrenia  of  Infancy  and  Childhood. 
— Although  the  adrenals 'are  relatively  large  in  the  infant  (one- 
third  the  size  of  the  kidney  at  birth),  their  functions  are 
limited  to  the  carrying  on  of  the  vital  process,  at  least  durinir 
the  first  year  of  life,  the  mother's  milk  supplying  the  antitoxic 
products  capable  of  protecting  it  against  the  destructive  action 
of  poisons  of  endogenous  and  exogenous  origin.  This  protective 
influence  of  maternal  milk  is  clearly  defined  in  the  following 
quotation  from  Prof.  William  Welch's  Harvey  liccture:  '"It  is 
an  important  function  of  the  mother  to  transfer  to  the  suck- 
ling, through  her  milk,  immunizing  l)odies,  and  the  infant's 
stomach  has  the  capacity,  which  is  aftenvard  lost,*"  of  absorb- 
ing these  substances  in  active  state.  The  relative  richness  of 
tbe  suckling's  blood  in  protective  antibodies  as  contrasted  with 
the  artificially  fed  infant  explains  the  greater  freedom  of  the 
former  from  infectious  diseases."     Striking  proof  of  this  ia 
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afforded  by  the  fact  that  during  the  siege  of  Paris  in  1870-71, 
according  to  J.  E.  Winters/*^'  "while  the  general  mortality  was 
doubled,  that  of  infants  was  lowered  40  per  cent  owing  to 
mothers  being  driven  to  suckle  their  infants/' 

The  predilection  of  children  to  certain  infectious  diseases 
obviously  indicates  that  it  is  not  only  in  infancy  that  vulner- 
ability to  these  disorders  exists;  it  exposes  life  during  the  first 
decade,  and  more,  of  the  child's  existence.  If,  then,  in  the 
infant  the  maternal  milk,  as  Welch  says,  protects  the  suckling 
against  such  diseases,  at  least  to  a  considerable  extent,  we  must 
conclude  that  the  same  underlying  cause  of  vulnerability  per- 
sists several  years,  i.e,,  until  it  has  in  some  way  been  overcome. 
How  this  occurs  we  have  seen.  The  adrenals  acquire,  with 
other  organs,  »we  shall  see,  the  power  to  supplant  the  mother  in 
contributing  antitoxic  bodies  to  the  blood ;  they  supply  internal 
secretions  which  fulfill  this  role. 

These  facts  point  to  the  adrenals  as  at  least  prominent 
organs  among  those  whose  inadequate  development  explain  the 
special  vnlnerability  of  children  to  certain  infections,  the 
"children's  diseases."  It  becomes  a  question  now  whether  there 
are  degrees  of  this  hypoadrenia  which  render  the  child  more 
or  less  liable  to  infection. 

That  degrees  of  hypoadrenia  exist  in  children  is  in  reality 
a  familiar  fact  to  every  pliysician  when  the  signs  of  this  con- 
dition are  placed  before  him.  The  ruddy,  warm,  hard-muscled, 
heavy,  out-of-door,  romping  child  with  keen  appetite  and  nor- 
mal functions,  is  one  in  whom  the  adrenals  are  as  active  as  the 
development  commensurate  with  its  age  will  permit.  He  is 
ruddy  and  warm  because  oxidation  and  metabolism  are  perfect 
and  the  blood-pressure  sufficiently  high  to  keep  the  peripheral 
tissues  well  filled  with  blood;  his  muscles,  skeletal,  cardiac,  and 
vascular,  are  strong  because,  in  addition  to  being  well  nour- 
ished, they  are  exercised  and  well  supplied  with  the  adrenal 
secretion,  which,  as  shown  by  Oliver  and  Schafer,  sustains  mus- 
cular tone.  As  normal  outcome  of  this  state,  we  have  constant 
stimulation  of  the  functional  activity  of  the  adrenals.  The 
muscular  exercise  and  maximum  food  intake  involve  a  demand 
for    increased   metabolism    and    oxidation,    and   the    resulting 


*»  Winters:     "Practical  Infant  Feeding,"  p.  6. 
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greater  output  of  wastes  imposes  upon  the  adrenals,  as  par- 
ticipants in  the  oxidation  and  auto-protective  processes,  greater 
work,  more  active  growth  and  development,  with  increase  of 
defensive  efficiency  as  normal  result. 

The  pale,  emaciated,  or  pasty  child  with  cold  hands  and 
feet,  flabby  muscles,  whose  appetite  is  capricious  or  deficient — 
the  pampered  house-plant  so  often  met  among  the  rich — 
represents  the  converse  of  the  healthful  child  described,  just  as 
does  the  ill-fed,  perhaps  overworked  child  of  the  slums.  The 
emaciation,  the  cold  extremities,  indicate  deficient  oxidation, 
metabolism  and  nutrition  owing  to  the  torpor  of  the  adrenal 
functions;  the  pallor  is  mainly  due  to  a  deficiency  of  the 
adrenal  principle  in  the  blood  and  to  the  resulting  low  blood- 
pressure,  which  entails  retrocession  of  the  blood,  from  the  sur- 
face. This  child  is  not  ill,  but  the  hypoadrenia  which  prevails 
normally,  owing  to  the  undeveloped  state  of  its  adrenals,  is 
abnormally  low,  and  it  is  vulnerable  to  infection. 

That  all  conditions  which  in  the  adult  tend  to  produce 
functional  hypoadrenia  aflfect  tlie  child  at  least  to  the  same 
extent  is  self-evident 

Functional  Hypoadbenia  in  the  Adult. — ^As  in  the 
child,  the  adrenals  may  be  inherently  weak.  Such  subjects  do 
not,  a,s  in  hypothvroidia,  show  sign?  of  inyxccdema ;  but  tlieir 
circulation  and  heart  action  are  feel)U',  they  tend  t<^  adiposis,  and 
show  other  signs  of  liypoadrenia.  I  have  witnessed  sugi^estive 
bronze  spots  in  such  cases.  As  a  rule,  however,  the  development 
of  the  adrenals  in  adults  is  an  accomplished  fact — as  also  that 
of  their  coworkers  in  the  immunizing  process,  the  thyroid  and 
pituitary,  we  sliall  see.  The  adrenals,  fully  capable  of  sustaininLc 
oxidation  and  metabolism,  are  able  to  defend  the  organi^•m 
adequately;  indeed,  they  do  more:  by  sustaining  oxidation  and 
metabolism  up  to  its  highest  standard  in  all  organs,  they  also 
preserve  the  efficiency  of  all  other  defensive  resources,  including 
phagocytosis,  with  which  the  body  is  endowed  to  their  highest 
level.  On  the  whole,  the  jwrnial  adult  irhose  adrenals  func- 
tionate normally  is  relatively  resistant  to  infection.  The  infre- 
quency  with  which  the  physician  is  infected,  notwithstanding 
daily  exposure  in  his  professional  work,  attests  to  this  fact. 

Functional  hypoadrenia  appears^  however,  when,  irrespective 
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of  any  disease,  and  as  a  result  of  the  vicissitudes  of  our  exist- 
ence, the  adrenals  are  exhausted  by  the  excessive  secretory 
activity  that  exaggerated  labor  or  exercise  imposes  upon  them. 

Fatigue  is  a  prominent  factor  in  this  connection.  Mosso's 
ergograph  shows  clearly  the  functional  eflBciency  of  the  forearm. 
If  by  means  of  this  instrument  we  compare  the  muscular  power 
of  a  case  of  Addison's  disease  with  that  of  any  other  kind  of 
sufferer  whose  muscles  are  organically  normal,  a  striking  dif- 
ference will  be  noticed:  signs  of  fatigue  appear  very  soon,  and 
muscular  impotence  asserts  itself  where  an  advanced  case  of 
tuberculosis,  for  example,  will  be  able  to  show  appreciable 
strength.  Intense  astlienia  is,  in  fact,  a  symptom  of  Addison's 
disease  almost  as  characteristic  as  the  bronze  spots.  It  is  as 
pre-eminent  after  experimental  removal  of  both  adrenals.  This 
harmonizes  with  Oliver  and  Schafer's  demonstration  of  the 
influence  of  the  adrenal  secretion  over  muscular  tone.  Many 
other  proofs  could  be  adduced  to  show  that  there  is  a  close 
relationship  between  fatigue  and  the  functions  of  the  adrenals. 
The  pale  and  drawn  face  of  an  exhausted  man,  the  readiness 
with  which  he  suffers  from  the  effects  of  cold  and  exposure, 
especially  in  the  intestines,  are  familiar  features  of  daily  life. 

The  unusual  prevalence  of  disease  among  soldiers  in  the 
field  is  of  course  partly  due  to  the  defective  sanitation  that  a 
campaign  entails;  but  fatigue — particularly  that  due  to  heavy 
marching,  carr}'ing  heavy  accoutrements — is,  in  my  opinion,  an 
important  predisposing  cause,  through  its  influence  upon  the 
adrenals.  Not  only  are  these  organs  called  upon  to  sustain 
general  oxidation  and  metabolism  at  a  rate  exceeding  by  far 
that  which  amply  suffices  for  normal  avocations,  but  the  fact 
that,  as  shown  by  Abelous  and  Langlois,*^^  they  also  serve  to 
destroy  the  toxic  products  of  muscular  activity  constitutes 
another  cause  of  drain  upon  their  secretory  resources.  "Fatigue,'' 
write  Morat  and  Doyon,^^®  referring  to  experimental  fatigue  in 
animals  deprived  of  their  adrenals,  "has  an  aggravating  influence, 
as  first  indicated  by  Abelous  and  Langlois,  and  confirmed  by 
Albanese  and  all  authors.     Hultgren  and  Andersson  have  even 


'*^  Abeloua  and  Langlois:    Loc.  cit. 

>»  Morat  and  Doyon:    "Traltd  de  Physiologie,"  Art  "S6cr6tions  Internes." 
p.  441,  ld04. 
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obseired  sudden  death  as  a  result  of  powerful  movements  of  the 
body."  S6zary****  has  termed  "hypoepinephry"  a  permanent  in- 
ability of  the  adrenals  to  protect  the  body  against  infection. 

Debility  from  any  source:  starvation,  loss  of  blood,  etc., 
as  eflBciently  renders  the  body  vulnerable  to  disease :  "Combine 
toxin  and  antitoxin,  and  inject  the  mixture,"  writes  Prof. 
Charrin;"*  "no  harm  will  follow.  But  weaken  the  animal  by 
starvation  or  slight  bleeding  and  administer  the  same  injection ; 
death  will  follow  with  all  the  signs  of  poisoning  by  the  toxin, 
with  congested  adrenals."  .  .  .  "That  relations  exist  between 
the  adrenals  and  infection,"  urges  the  same  authority,  "is 
today  an  incontrovertible  fact."  It  follows,  therefore,  that 
bypoadrenia  from  any  source  should  render  the  body  vulnerable 
to  disease.  Deficient  food,  excessive  work,  that  of  the  sweat- 
shops for  example,  account  for  much  of  the  predilection  of  those 
subjected  to  them  to  disease. 

Masturbation  and  excessive  venery  are  important  morbid 
factors  in  this  connection.  The  pallor  and  asthenia  witnessed 
in  these  cases,  so  far  unexplained,  can  readily  be  accounted  for 
if,  as  I  believe,  the  liquid  portion  of  the  semen  is  rich  in  adrenal 
principle.  This  is  suggested  by  the  fact  that  spermin,  the  purest 
of  testicular  preparations,  gives  the  same  tests  and  acts  precisely 
as  does  the  adrenal  principle.  The  latter  is  an  oxidizing  body 
acting  catalytically ;  it  resists  all  temperatures  up  to,  and  evei], 
boiling;  it  is  insoluble  in  ether  and  practically  iiisoluhh'  in 
absolute  alcohol,  and  givt^s  the  guaiac,  Florence,  and  other 
ha^niin  tests.  Now,  spermin  not  only  raises  the  hlood-pressure, 
slows  the  heart  and  produces  all  other  physiological  otrects 
peculiar  to  the  adrenal  principles,  but  its  solubilities  are  the 
same;  it  gives  the  same  tests;  it  resists  boiling,  ^roreover,  it  is 
regarded  in  Europe  as  a  powerful  "oxidizing  tonic''  and  has 
been  found  ecjually  useful  in  disorders  in  which  adrenal  prepa- 
rations had  given  goo<l  results.  The  inference  that  spermin 
consists  mainly  of  the  adrenal  product  suggests  that  it  is  not 
sjM'cific  to  the  testes,  but,  instead,  a  constituent  of  the  blood  at 
large;  not  only  did  this  prove  to  he  the  case,  but  it  was  found  in 
the  blood  of  females  as  well  as  in  that  of  males. 


"*■  S^zary:      Paris    medical.    Apr.    20,    1912. 

"•Charrin:     "Lea   Defenses  NatureUes  de  lOrganisme,"   p.   63,   Paris,   1898. 
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Functional  Hypoadrekia  of  Old  Age. — Perpetual  life 
would  doubtless  be  ours  were  it  not  that  all  living  organic 
matter  is  subjected,  after  more  or  less  precarious  periods  of 
growth  and  adult  existence,  to  one  of  decline  and  final  disinte- 
gration. This  applies  particularly  to  the  adrenals,  if  their 
functions  are,  as  I  hold,  to  sustain  oxidation  and  metabolism, 
the  fundamental  processes  of  the  living  state.  Indeed,  tlie 
senile  state  may  be  said  to  be  as  evident  in  these  organs  as  it 
is  in  the  features  of  the  aged. 

According  to  Landau,^ *"^  Ecker,  Henie,  and  von  Kolliker 
found  that  fat  occurred  in  increasing  quantities  in  the  adrenal 
cortex  as  age  advanced,  while  Hultgren  and  Andersson  found 
fibrous  tissue  between  the  cortex  and  medulla  in  very  old 
animals.  Minervini***  found  a  similar  condition  in  the  medulla 
of  aged  individuals.  Dostojewski,  moreover,  observed  a  marked 
— cHcasionally  very  great — reduction  in  the  size  of  the  adrenals 
in  the  a<;od.  Kolloston^"-  has  also  called  attention  to  this  fact. 
liiUKlau  studied  tlie  influence  of  age  on  the  vessels  of  the 
adronalf^,  a(lo])tin<x  for  the  purpose  a  process  introduced  by 
Kaiil)er  and  a])plied  by  many  others,  including  Bezold,  Hyrtl, 
and  liielx'rkiilm,  to  tlio  study  of  other  organs,  viz.,  injection  of 
the  vessels  with  some  hardening  substance,  and  the  subsequent 
use  of  a  corrosion  method  to  destroy  the  parenchyma.  The 
adrenals  receivin<r  their  l)lood  through  a  number  of  small 
arteries,  the  adrenal  vein,  which  contains  no  valves,  was  used 
for  tlie  injection.  The  annexed  plate  sliows  tlie  result.  The 
vessels,  and  therefore  the  adrenals,  are  well  developed 'and  in 
full  bloom,  as  it  were,  in  the  adrenals  of  the  three  young  adults, 
while  those  of  the  aged  are  shrunken  and  correspondingly  defi- 
cient as  blood-channels — a  certain  index  of  the  lowered  activity 
of  the  adrenal  functions,  and,  through  these,  of  the  vital  process 
they  sustain. 

The  asthenia  of  old  age  thus  finds  a  normal  explanation  in 
the  defective  supply  of  adrenal  secretion — precisely  as  it  does 
in  Addison's  disease.  In  fact,  Kolleston  states  that  atrophy  of 
the  glands  in  the  young  may  produce  this  disease.    Lorand,^°^  in 


I*' Landau:    St    Petersb.  mod.  Woch.,  June  14,  1908. 

»«^  Mlnervlnl:    Jour,  d'anat.  et  de  physIol.,  pp.  449  and  639,  1904. 

'"RoUeaton:     Lancet.    Mar.   23,   1895. 

»«Lorand:     "Old  Age  Deferred."  Am.  ed.,  p.  Ill,  1910. 
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liifi  recently  published  book  on  old  age,  urges  in  fact  that  "old 
age  is  caused  by  degeneration  of  the  ductless  glands,  ajid  that 
there  exists  a  condition  of  autointoxication  in  old  e.^"  quilu 
in  keeping,  I  may  add,  with  a  decline  of  the  antitoxic  power 
shown  by  the  adrenals.  Lorand,  who  has  antedated  others  in 
showing  the  influence  of  the  ductless  glands  upon  old  age,  hiia 
found  his  views  confirmed  by  Campbell,'"  Pinoles,  Sir  Herman 
Webt-r  and  also — though  he  denies  a  relationship  between  oh) 
age  and  myxcedenia — MetchnikofT.  We  shall  sec  in  a  sueceei]- 
ing  chapter,  however,  that  there  esista  a  close  connection  between 
the  adrenals  and  the  thyroid  in  the  genesis  of  old  age,  in  the 
fomi  of  a  functional  relationship. 

In  his  closing  remarks  on  the  causation  of  old  age,  Ijorand 
remarks:  "It  is  evident  from  the  above  cons i derations  that  all 
hygienic  errors,  be  they  errors  of  diet  or  any  kind  of  excess, 
will  bring  about  their  own  punishment,  and  tliat  prematnre  old 
age,  or  a  shortened  life,  will  be  the  result.  In  fact  It  is  mainly 
our  fault  if  we  become  senile  at  fiO  or  70,  and  die  before 
90  or  100."    Hence  the  inntto  of  his  title  page:— 


In  the  light  of  the  data  I  have  submitted,  however,  it  is 
clear  that  the  lesions  to  which  the  adrenals  are  subjected  during 
infectiona  and  autointoxication,  from  birth  to  the  last  day  of 
life,  do  greatly  to  shorten  it  by  limiting  the  functional  area  of 
the  organs  through  the  local  fibrosis  they  entail.  It  is  quite 
probable,  in  fact,  that  centenarians  owe  their  prolonged  longevity 
mainly  to  integrity  of  their  adrenals. 

Hygiene,  and  particularly  those  of  its  divisions  which  bear 
directly  upon  the  prevention  of  infectious  diseases,  thus  asserts 
iteelf  as  one  of  the  most  useful  of  our  sciences  in  another  direc- 
tion, viz.,  that  of  preserving  of  organism  against  those  diseajiea 
which,  seemingly  benign  because  they  are  recovered  from,  measles 
for  example,  in  the  end  shorten  our  existence  by  compromising 
the  integrity  of  the  organs  which  sustain  the  vital  process  itself. 

pROPHTLAxrs  AND  TREATMENT. — ^Though  we  are  dealing 
with  depraved  states  of  a  physiological  condition,  we  cannot 

"•CunpbeU:    Lsucet,  Julr,  1906. 
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but  regard  them  as  abnormal  in  the  sense  that  we  deem  adynamia 
abnormal  and,  therefore,  susceptible  to  remedial  measures. 
Indeed,  there  is  much  that  can  be  done  in  each  of  the  three 
forms  of  functional  hypoadrenia  described. 

In  infants,  we  should  by  every  possible  means  prevent 
infection  or  intoxication  to  preserve  the  integrity  of  their 
adrenals  and  other  auto-protective  organs.  The  key  of  the 
whole  situation  lies  in  the  fact  that,  as  Ruhrah  states,  "nearly  all 
the  cases  and  nearly  all  the  deaths  are  in  bottle-fed  babies." 
Physiciajis  are,  as  a  rule,  entirely  too  ready  to  yield  to  the 
demands  of  social  and  other  claims  put  forth  by  mothers  who 
do  not  wish  to  nurse  their  offsprings.  The  responsibility  as- 
sumed by  both  mother  and  physician  under  these  circumstances 
is  overlooked.  I  cannot  but  hope  that  if  this  continues,  and  the 
sacrifice  of  countless  infants  proceeds,  laws  may  be  enacted  to 
prevent  it  by  imposing  upon  the  physician  the  duty  of  submitting 
to  the  State  authorities  a  certificate  in  which  sound  reasons 
shall  alone  account  for  his  consent  to  a  departure  from  Nature's 
metliods  which  entails  deaths  untold.  J.  Lewis  Smith  states 
that  the  death  rate  among  foundlings  in  New  York  City  reached 
almost  100  per  cent,  until  wet-nurses  were  provided.  Men  such 
as  Jacobi,  Winters,  and  many  French  authorities  have  written 
forcibly  upon  this  subject,  but  seemingly  to  no  avail.  The  holo- 
caust continues. 

Experimental  research  in  the  same  direction  has  only  served 
to  emphasize  the  all-important  prophylactic  value  of  maternal 
milk.  As  L.  T.  de  M.  Sajous***  states :  *That  milk  is  capable 
of  conveying  antitoxic  substances  after  these  have  been  injected 
into  the  mother  has  been  known  for  a  number  of  years.  In 
1892  Ehrlich  and  Brieger  demonstrated  this  fact  in  their  experi- 
ments on  mice.  The  offspring  of  non-inunune  mice  were  suckled 
by  other  mice  which  had  been  immunized  against  the  actions  of 
certain  poisons.  It  was  found  that  the  young  were  thereby 
rendered  immime  to  the  poisons  employed,  viz.,  ricin,  abrin,  and 
tetanus  toxin.  This  immunity  steadily  increased  during  the 
period  of  lactation,  persisted  for  some  time  after,  and  then 
gradually  disappeared.  Ehrlich  thus  showed  that  a  passive 
immunity  was  created  in  the  young  by  the  absorption  of  milk 

i**L.  T.  de  M.  Sajous:    Uoiv.  of  Penna.  Med.  Bull..  June,  1909. 
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from  m.  jirnntnie  adutt^  and  even  went  so  far  as  to  assert  that 
•U  ID-called  hereditary  inunnnity  was  in  reality  of  the  passive 
TBiieiy,  being  tnmBmitted  during  lactation  and  not  inherent  in 
flie  oAq^ring  itself. 

'fEliis  tnuiamittod  immunity  has  been  shown  to  occur  in 
Tariona  other  animals.  Thus,  in  1893,  PopofF  showed  that 
immimity  against  cholera  conld  be  transmitted  through  cows^ 
milk.  He  injected  bouillon  cultures  into  the  peritoneal  cavity 
of  a  cow  and  later  injected  into  guinea-pigs  from  2  to  10  c.c. 
of  the  cow's  milk.  The  guinea-pigs  became  immune  against 
diolenu  The  same  observer  noted  also  that  when  the  milk 
waa  boiled  before  injecting  it  no  immunity  was  produced. 
Slraua  showed  that  the  milk  of  goats  immunized  by  injections 
of  ''typhiia-coli  bacilli^'  and  cholera  organisms  had  protective 
and  agglutinating  properties.  He  also  ascertained  that  the 
relative  proportion  of  agglutinating  substance  present  in  milk 
to  that  contained  in  Ibe  serum  was  as  1  is  to  10.  Taking 
up  the  subject  from  the  standpoint  of  tuberculosis^  Figari 
showed  in  1905  that  the  agglutinins  and  antitoxins  of  this 
disease  appeared  in  the  milk  of  cows  and  goats  that  had  been 
actively  immunized  against  it.  In  another  series  of  experi- 
ments he  fed  the  milk  of  immune  cows  to  a  number  of  rabbits, 
and  in  others  injected  it  subcutaneously.  In  both  eases  these 
animals,  thus  passively  immunized,  were  found  to  transmit  to 
their  young,  by  their  milk,  the  agglutinins  and  antitoxins  of 
tuberculosis. 

"Evidence  is  not  lacking  of  the  transmission  of  antitoxic 
substances  through  human  milk.  It  has  long  been  known 
that  infants  below  one  year  of  age  were  but  slightly  susceptible 
to  certain  infectious  diseases,  and  in  particular  scarlet  fever, 
diphtheria,  measles,  and  mumps.  In  fac't,  it  was  in  an  attempt 
to  throw  some  light  on  this  subject  that  Ehrlich  performed 
his  classic  experiments  on  mice  in  1892.  Four  years  later 
Schmid  and  Pflanz  performed  some  interesting  experiments 
on  guinea-pigs.  Into  some  of  the  animals  they  injected  blood- 
serum  derived  from  human  blood  which  was  taken,  at  the 
time  of  delivery  of  her  child,  from  a  woman  to  whom  had  been 
administered  diphtheria  antitoxin.  Into  other  guinea-pigs  they 
injected  milk  from  the  same  woman.    The  animals  were  then 
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given  injections  of  the  ordinarily  fatal  dose  of  diphtheria 
toxin.  From  the  results  obtained  the  investigators  concluded 
(1)  that  antitoxic  substances  found  in  the  blood  of  parturient 
women  exist  also  in  the  milk;  (2)  that  the  quantity  of  antitoxic 
substances  excreted  with  the  milk  is  much  less  than  that  found 
in  the  blood.  Similarly,  in  1905,  la  Torre  injected  diphtheria 
antitoxin  in  several  wet-nurses,  and  noted  the  antitoxic  power 
resulting  in  the  blood  of  the  nurslings  by  injecting  measured 
amounts  of  this  blood  mixed  with  diphtheria  toxin  into  guinea- 
pigs.  He  was  able  to  satisfy  himself  that  a  passage  of  the 
antibodies  occurred  in  small  amounts  into  the  blood  of  the 
infants. 

^These  experiments  show,  then,  that  antibodies  injected 
into  the  mother  are  transmitted  to  the  offspring.  This  being 
the  case,  it  is  but  reasonable  to  expect  that  some  of  the  protective 
substances  ordinarily  present  in  the  normal  motlier's  blood 
should  likewise  reach  the  child  through  the  milk.  Experiments 
have  shown  this  also  to  occur.  Moro  found  that  the  bactericidal 
power  of  the  blood-serum  in  breast-fed  children  was  distinctly 
greater  than  in  those  artificially  fed.  Further  confirmation  was 
afforded  by  the  fact  that  this  difference  rapidly  disappeared 
when  the  bottle-fed  infants  were  put  back  to  the  breast." 

The  prevention  of  disease  in  the  infant  is  raised  to  its 
highest  standard  by  maternal  lactation.  The  organisms  of  its 
gastrointestinal  canal  are  kept  under  control;  the  barriers  to 
infection  that  the  respiratory  tract  and  pulmonary  alveoli  offer 
are  well  armed  with  antitoxic  bodies;  the  blood  itself  is  destruct- 
ive to  pathogenic  organisms,  and  the  infant  is  thus  protected 
against  those  diseases  which,  even  if  recovered  from,  we  have 
seen,  leave  enfeebling  lesions,  fatty  and  fibrous  degeneration,  in 
those  organs  upon  which  his  health  in  after  years  and  the  dura- 
tion of  his  life  depend. 

In  the  child  beyond  the  nursling  period  the  problem  is 
more  difficult.  The  fatal  "second  summer"  recalls  the  sins  of 
the  milkman,  the  filth  of  the  cowshed,  and  of  the  vessels  in 
which  the  milk  is  transported  and  kept — amply  long  enough 
to  favor  the  growth  of  the  oft-present  Shiga  bacillus,  the  virulent 
bacillus  coli,  and  even  at  times  the  streptococcus.  The  cor- 
rection of  these  and  many  other  factors  replete  with  danger 
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to  the  child,  and  which  surround  it  on  all  sides,  ofiEers  the 
only  resources  to  diminish  not  only  the  mortality  of  children's 
diseases,  but  also  their  occurrence,  besides  safeguarding  health 
and  longevity  in  after  years.  The  good  already  done  by  our 
profession  in  this  direction  is  incalculable.  Briefly,  public,  home, 
and  school  hygiene,  in  the  light  of  the  facts  I  have  submitted, 
not  only  serves  to  protect  life  for  the  moment  when  the  child  is 
concerned,  but  its  entire  career  as  a  healthful  individual,  while 
enhancing  greatly  its  chances  for  a  long  life. 

It  now  becomes  a  question  whether  our  resources  are  such 
as  to  enable  us  to  raise,  where  functional  hypoadrenia  exists,  the 
autoprotective  resources  of  the  child,  sufficiently,  perhaps,  to 
enable  it  to  resist  infection  successfully.  The  influence  of  many 
toxins  and  drugs  on  the  adrenals  points  clearly  to  overactivity 
under  their  influence.  In  the  first  edition  of  this  book,  I  referred 
to  mercury  as  occupying  "a  liigh  position  among  the  stimulants 
of  the  adrenal  system."  Now,  C.  R.  Illingworth^'*  and  others 
have  found  the  biniodide  of  mercury  extremely  efficient  in 
aborting  scarlatina,  diphtheria,  measles,  variola,  varicella,  per- 
tussis, parotitis,  and  many  other  infections.  The  great  vogue 
of  calomel  among  the  physicians  of  the  past  generation  may  have 
found  its  raisofi  d'etre  precisely  in  just  such  an  action — which  I 
have  myself  observed.  Arsenic  is  a  familiar  agent  in  the  abortive 
treatment  of  malaria  in  Africa,  and,  as  Surgeon-General  Boudin 
states,  in  manv  other  diseases.  The  remarkable  results  of  Petresco 
with  large  doses  of  infusion  of  digitalis  in  pneumonia  have 
only  been  tentatively  explained.  But  if  we  realize  tliat  division 
of  the  path  to  tlie  adrenals  arrests  and  prevents  the  effects  of 
digitalis,  as  we  shall  see  elsewhere,  there  is  good  ground  for  the 
belief  that  the  prevailing  conception  of  the  action  of  this  drug 
is  erroneous,  and  that  it  is  by  stimulating  the  adrenals  that  it 
acts,  at  least  in  part.  In  view  of  the  immunizing  action  of  the 
adrenals,  therefore,  we  can  realize  how  digitalis  could  be  of  use 
in  this  infectious  disease,  and  how  it  might  prove  useful  in 
aborting  any  pulmonary  disorder  due  to  pathogenic  organisms. 
These  few  examples  are  submitt<:'d  merely  to  show  that  there  is 
ground  for  the  elaboration  of  a  system  of  immunizing  medica- 
tion.   Its  use  has  served  me  well. 


*•*  niingworth:     "The    Abortive    Treatment   of    Specific    Febrile   Disorders," 
etc.,  London,  18S8. 
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Very  remarkable  in  this  connection  is  the  action  of  thyroid 
gland  1  grain  (0.06  6m.),  adrenal  gland  2  grains  (0.12  Gm.), 
and  Bland's  pill  1  grain  (0.06  6m.)  in  a  capsule  three  times 
daily,  previously  referred  to.  Given  during  meals  to  a  debili- 
tated child  of  10  or  12  years  it  seems  promptly  to  start  the  vital 
machinery  on  a  new  lease  of  life — ^where,  of  course,  the  demands 
of  hygiene  are  adequately  met.  Meat  is  of  value  here,  while 
milk,  the  fluid  portion  of  which  gives  the  test  for  oxidase,  and 
which,  as  shown  in  the  second  volume,  depends  upon  the  adrenal 
secretion  for  its  ferment  (adrenoxidase),  is  also  of  great  value. 
Digitalin  or  strychnine  in  small  doses  is  added  if  the  heart  is 
weak  or  to  increase  the  oxygen  intake.  All  these  agents  tend,  by 
keeping  up  a  slight  hyperemia  of  the  adrenals  (and  of  the  other 
organs  acting  in  conjunction  with  it),  to  augment  the  efiBciency 
of  the  child's  defensive  resources. 

In  the  adult  functional  hypoadrenia  may  have  persisted 
from  childhood.  Here  the  measures  just  suggested  for  children 
apply  as  well  not  only  as  preventives  where  infection  threatens, 
or  as  abortive  treatment,  but  also  to  raise  the  efficiency  of  the 
adrenals  and  the  general  health  of  the  individual  to  the  normal 
plane.  It  is  probable  that  most  tonics  exert  their  beneficial 
influence  through  the  adrenals.  That  "tonic"  doses  of  mercury, 
i.e,,  minute  doses,  are  efficient  is  well  known ;  we  have  seen  that 
it  is  a  powerful  adrenal  stimulant.  In  toxic  doses  in  fact,  as 
observed  by  Molini^,^**^  it  causes  intense  congestion  and  even 
haemorrhage  of  the  adrenals. 

While  there  is  no  doubt  that  meat  in  excess  is  harmful,  as 
we  shall  see  under  Functional  Hyperadrenia,  it  is  no  doubt  true 
that,  as  Lorand^®*  states,  undernutrition  through  lack  of  the 
necessary  proteids  in  the  diet  increases  the  liability  to  infection, 
as  I  urged  several  years  ago  in  this  work.  Tjorand  refers  to 
personal  cases  of  tuberculosis  arising  from  a  purely  vegetarian 
diet.  On  the  other  hand,  Eichet  and  Hericourt^^®  obtained 
remarkable  effects  from  a  diet  of  raw  meat  in  enabling  animals 
to  resist  tubercle  infection  by  inoculation,  and  raw  meat  has 
become  an  important  factor  in  the  treatment  of  this  disease. 


i«T  MoIini6:    Bulletin  g^n^ral  de  th6rapeutique,  Apr.  8.  1906. 
»"Lorand:     Loc.  cit.,  p.  313. 
>«H6rlcourt:     Lancet,  Jan.   7,   1911. 
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Grawitz*^*  also  found  that  a  purely  vegetarian  diet  predisposed 
to  anasmia.  We  have  seen  tliat  the  adrenals  supply  the  blood  its 
albuminous  haemoglobin^  a  deficiency  of  which  is  an  important 
feature  of  ansemia.  Did  we  live  where  pathogenic  bacteria  do 
not  flourish,  we  might  safely  undertake  to  adopt  vegetarian 
principles;  but  a  reasonable  amount  of  meat,  by  keeping  our 
autoprotective  organs,  and  particularly  the  adrenals,  active, 
serves  a  very  useful  purpose. 

The  influence  of  excessive  fatigue  on  the  adrenals,  we  have 
seen,  is  such  as  to  weaken  greatly  their  functional  activity  and, 
therefore,  their  oxygenizing  and  immunizing  functions  of  the 
blood.  The  main  harmful  feature  in  this  connection  is  the 
relative  deficiency  of  rest,  which  means,  from  my  viewpoint, 
inadequate  opportunity  afforded  the  adrenals  to  recuperate. 
This,  of  course,  should  be  proportionate  to  the  amount  of  strain 
imposed  upon  these  organs,  and  the  resistance  of  which  they  are 
capable.  It  is  probably  owing  to  lack  of  this  tliat  apparently 
strong  men  are  often  the  first  to  "give  out"  in  forced  marches. 
The  physical  examination  being  based  mainly  upon  the  status 
prcesens,  and  the  adrenals  being  necessarily  (for  we  are  now 
dealing  with  a  new  line  of  thought)  overlooked  as  factors,  there 
is  marked  inequality  in  the  resistance  of  the  men  to  strain.  This 
applies  as  well  to  the  pathogenesis  of  chronic  disorders.  In  a 
personal  analysis  of  40  cases  of  hay  fever,  for  instance,  the 
fc^everity  of  the  disease  corresponded  to  a  considerable  degree 
with  the  number  of  children's  diseases  the  patient  had  had,  the 
worj^t  cases  having  had  six  of  these  diseases  in  comparatively 
quick  succession. 

This  suggests  the  need  of  ascertaining  the  number  and 
severity  of  children's  and  other  diseases  to  which  the  recruit  has 
]>een  subjected  and  to  add  tliis  factor  to  others  in  deciding  upon 
his  admission  to  tlie  service  or  the  arm  to  which  he  is  to  be 
assigned.  The  mounted  man  suffers  less  from  actual  fatigue 
than  the  infantryman  who  must  carry  his  accoutrements,  arms, 
cartridges,  etc.,  aggregating  in  some  armies  as  much  as  70 
pounds.  When,  besides,  defective  or  poor  food,  impure  water, 
exposure,  etc.,  and  other  frequent  acconipaniments  of  a  campaign 


^^Grawitz:     Kliniscbe  Patbologie  des  Blutes.  3d  ed.,  190G. 
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are  taken  into  account,  one  need  not  wonder  that  disease  is  a 
far  greater  factor  as  a  cause  of  debility  and  death  than  wounds. 

Briefly,  fatigue  should  be  considered,  owing  to  its  inhibiting 
influence  on  the  adrenals  and  the  immunizing  process  in  which 
they  take  part,  as  an  important  predisposing  cause  of  disease. 
The  periods  of  rest  should  be  so  adjusted,  therefore,  as  to 
counteract  this  by  far  the  most  destructive  factor  of  active  war- 
fare. In  civil  life,  such  hardships  are  seldom  endured,  but 
here  likewise  much  could  be  done  to  prevent  infection  by  means 
calculated  to  insure  the  functional  integrity  of  the  adrenals. 

To  stimulate  the  adrenal  functions  when  marked  fatigue 
prevails  would  of  course  only  aggravate  the  hypoadrenia  after 
perhaps  a  period  of  temporary  betterment.  The  powdered 
adrenal  substance  should,  on  the  other  hand,  judging  from  the 
effects  of  injections  of  adrenal  extracts  in  experimentally 
fatigued  animals,  serve  a  useful  purpose. 

In  old  age  the  ductless  glands  assume  such  importance, 
that  a  valuable  work  has  been  written  by  Lorand*'*  to  indicate 
how  the  functional  activity  of  these  organs  could  be  presei*ved 
in  order  to  retard  the  ravages  of  age  beyond  the  fifth  decade, 
while  prolonging  life. .  The  reader  is  therefore  referred  to  Dr. 
Lorand's  volume  for  a  mass  of  information  which  cannot  be 
considered  here. 

The  adrenals,  as  shown  by  the  plate  opposite  page  88,  are 
deficient  in  circulatory  activity,  and,  therefore,  unable  to  sustain 
functional  activity  of  all  organs  up  to  its  former  standard.  It 
becomes  a  question  whether,  realizing  this  fact,  we  should  by 
artificial  means  excite  the  adrenals  to  greater  activity.  That 
such  a  step  might  shorten  life  instead  of  prolonging  it  is 
probable.  In  the  first  place,  the  frequent  presence  of  arterio- 
sclerosis in  the  aged  counsels  prudence;  in  the  second  place,  to 
activate  the  adrenals  would  only  hasten  their  degeneration  by 
imposing  a  greater  wear  and  tear  upon  them.  Drugs  capable  of 
enhancing  adrenal  activity  had,  therefore,  better  be  avoided  in 
the  aged. 

Far  better  is  it  to  compensate  for  the  loss  of  efficiency  of 
the  adrenals  by  supplying  to  the  blood,  throu<rh  a  suitable  diet, 
substances  which  contain  the  adrenal  principle.     If  my  opinion 

i"A.   Lorand:     "Old  Age  Deferred,"  P.  A.   Davis  Co.,  Phlla.,  1910. 
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that  Bpermin  owes  its  virtues  to  the  adrenal  principle  it  contains 
is  warranted  we  can  understand  why  Brown-Sequard  rejuvenated 
himself  by  means  of  testicular  juice  injections  (I  saw  him  at  the 
time  and  can  testify  to  its  wonderful  effects  upon  him)^  since 
he  enriched  his  blood  with  the  pabulum  of  oxidation^  metabolism, 
and  general  nutrition^  without  impairing  his  adrenals.  With 
advanced  knowledge  we  need  not  follow  his  example.  We  have 
seen  that  milk  contains  the  adrenal  principle^  and  that  all  animal 
tissues  owe  their  functional  activity  to  its  presence.  In  milk, 
buttermilk  especially  (since  it  is  almost  pure  plasma),  we  have 
a  ready  and  inexpensive  means  to  compensate  for  deficient 
adrenal  activity.  If  debility  and  other  signs  of  functional  hypo- 
adrenia  prevail,  I  advocate  the  daily  addition  to  the  plain, 
though  varied  diet  to  which  elderly  people  should  restrict 
themselves  of  the  expressed  juice  (uncooked)  of  one  pound  of 
fresh  beef  daily  taken  in  soup,  if  distasteful  otherwise,  and 
salted  to  taste.  This  is  a  powerful  agent  for  good  which  is 
well  borne  by  the  stomach,  and  which  inore  than  compensates  for 
the  weakened  adrenals,  since  it  rapidly  restores  strength  and 
vigor — provided,  of  course,  harmful  influences  in  other  directions 
are  avoided,  and  a  hygienic  mode  of  life,  with  reasonable  out-of- 
door  exercise,  prevails. 

In  matters  sexual,  aged  men  should  be  extremely  reserved, 
since  tlie  waste  of  seminal  fluid  to  them  means  waste  of  life 
substance  replaced  with  difficulty  and  never  in  abundance. 

ADDISON'S  DISEASE.  OR  CHRONIC  TROCiRESSIVE 

HYPOADRENIA. 

That  new  lines  of  thought  concerning  this  disease  are  not 
untimely  is  suggested  by  Anders's  previously  quotiHl  statement 
in  a  recent  edition  of  his  textbook  that  "the  patholo<rie  con- 
nection between  the  symptomatic  phenomena  of  Addison's  disease 
and  the  anatomic  lesions  has  not  been  made  out." 

Of  major  importance  in  this  connection  are  the  facts  that 
advanced  lesions  have  been  found  in  the  adrenals  post-mortem, 
though  the  subject  had  during  life  presented  no  signs  of  the 
Addison  s\Tidrome,  and  that,  as  Davis*"  states,  ''in  the  majority 
of  cases  the  patients  have  complained  of  asthenia  for  a  consider- 

»"  Davis:     Sajous's  Cyclopaedia  of  Prac.  Med.,  vol.  i,  p.  133,  3d  cd..  1900. 
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able  time  prior  to  the  appearance  of  noticeable  pigmentati(m 
on  the  surface/'  Many  cases  die,  in  fact,  before  the  pigmenta- 
tion appears.  Under  these  circumstances  it  is  evident  that  the 
prevailing  teaching  that  bronzing  is  the  characteristic  sign  of 
Addison's  disease — raised  to  the  dignity  of  a  sine  qua  non  in 
some  works  by  the  dictum  "without  bronzing,  no  Addison's 
disease" — is  an  unfortunate  one  for  the  patient's  welfare,  since, 
as  shown  elsewhere  in  this  work,  bronzing  is  a  symptom  denoting 
advanced  lesions  of  the  adrenals  or  in  the  course  of  their  secre- 
tory nerves,  whether  in  the  ganglia  or  the  splanchnic,  or  even 
the  spinal  cord  from  which  the  adrenal  paths  originate.  It  is 
because  of  the  presence  of  these  nerves  in  the  abdominal  sympa- 
thetic (the  greater  splanchnic  in  particular,  as  demonstrated  by 
BiedP''  and  Dreyer^^*),  was  not  known  to  Martineau,"*  Jaccoud, 
Lancereaux,*^*  von  Kahlden,*^^  and  others  that  they  denied  that 
the  adrenal  insuflSciency  was  always  the  underlying  cause  of  the 
disease,  as  held  by  Addison  himself.  Gull,  Trousseau,  and  many 
other  of  the  older  clinicians.  It  is  apparent  that  a  lesion  any- 
where in  the  course  of  these  nerves  must  be  capable  of  causing 
inhibition  of  the  adrenal  functions  and  Addison's  disease,  by 
interfering  both  with  the  secretory  activity  of  the  glands  and 
the  formation  of  their  secretion.  This  is  well  exemplified  by 
cases  reported  by  Semmola  and  Brault  in  which  bronzing  was 
due  to  pressure  upon  the  semilunar  ganglia  and  the  solar  plexus; 
the  flow  of  impulses  through  these  structures  to  the  adrenals 
being  impeded,  the  functions  of  these  organs  were  inhibited. 
Pressure  or  organic  lesions  may  occur  anjrwhere  in  the  pituitaro- 
adrenal  nerve-path.  Even  the  cachetic  stage  of  acromegaly  is 
often  attended  by  a  bronze  pigment  "strongly  resembling  that 
found  in  Addison's  disease"  we  have  seen.  From  my  viewpoint, 
therefore, 

Addison's  disease  is  the  symptom-complex  of  progressive 
Tiypoadrenia,  i.e.,  of  insufficiency  of  the  adrenals.  It  occurs 
when,  owing  to  progressive  organic  lesions  in  these  organs  or 
in  the  course  of  their  secretory  nerves  (the  ahdominal  sympa^ 
thetic  and  its  ganglia,  the  spinal  axis  or  the  pituitary  body),  the 

"»Bledl:    hoc.  cit. 

*■'*  Droyer:     Loc.  cit. 

"*Martlneau:     Thdse  de  Paris.   1864. 

*■"  Lancereaux:     Archives  de  Medeclnc.   Jan.,  1890. 

^"Von  Kafalden:    Arcbiv  f.  Anat.  u.  Phys.,  Bd.  cxiv. 
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adrenal  secretion  produced  is  increasingly  inadequate  to  sustain 
general  oxygenation,  metabolism  and  nutrition,  and  the  cardio- 
vascular tone. 

Pathogenesis  and  Symptomatology. — These  will  be  con- 
sidered together  to  indicate  the  intimate  relationship  between 
them  when,  the  fimctions  of  the  adrenals  are  interpreted  from 
my  viewpoint.  This  will  be  further  facilitated  by  analyzing  the 
symptoms  in.  their  physiological  sequence. 

Hypothermia,  Coldness,  and  Dyspncea. — These  symptoms  are 
self-evident  results  of  deficient  oxygen  intake,  and  of  the  cor- 
respondingly deficient  oxidation  and  metabolism  incident  upon 
the  deficiency  of  adrenal  secretion.  The  sensation  of  cold  is 
aggravated  by  the  fact  that  the  deficiency  of  the  latter — or  rather 
of  the  adrenoxidase  it  becomes — entails  relaxation  of  the  arteries 
and  a  low  blood-pressure;  the  blood  accumulating  in  the  larger 
trunks  of  the  splanchnic  area,  the  peripheral  vessels  are  partially 
depleted  of  theirs,  and  peripheral  oxidation  being  thus  dimin- 
ished from  two  directions,  the  patient  complains  of  chilliness. 
The  dyspnoea  is  due  to  the  same  two  factors:  inadequacy  of 
adrenal  secretion  to  properly  oxygenize  the  blood,  and  ischajmia 
of  the  lungs  through  retrocession  of  the  blood  into  the  deeper 
vessels.  An  aggravating  factor  is  the  intense  muscular  weakness 
which  also,  of  course,  affects  the  thoracic  repj)iratory  muscles. 

Progressive  Asthenia,  Weak  Heart  Action,  and  Vascular 
Ilypotension. — Oliver  and  Schafer  and,  lati^r,  Cyl)iilsky  and 
Szymonowicz  having  found,  we  have  seen,  that  the  adrenal  secre- 
tion sustained  the  tone  of  the  cardiovascular  and  skeletal 
muscles  by  a  direct  action  upon  them,  a  process  siipplomented,  as 
I  have  shown,  by  its  power  to  sustain  oxidation  and  metabolism 
in  these  (as  well  as  all  other  tissues),  it  is  obvious  that  deficiency 
of  this  secretion  should  produce  weakness  of  all  muscular  tissues, 
i.e.,  loss  of  contractile  power.  Asthenia,  weak  heart  action,  and 
relaxation  of  the  arteries — the  blood-pressure  soniotinies  being 
as  low  as  50  mm. — are  thus  a  direct  result  of  the  adrenal  insuffi- 
ciency. Here  again,  however,  the  low  vascular  tension  a^^ravates 
the  morbid  process  by  causing  retrogression  of  the  hlood  toward 
the  deeper  channels  of  the  splanchnic  area.  The  cardiac  and 
skeletal  muscles  receiving  an  unusually  small  volume  of  blood, 
their  contractile  power  is  weakened   in  proportion   and   their 
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resistance  to  fatigue  reduced  practically  to  nil.  Sergent  has 
proposed  a  diagnostic  sign,  "the  white  line/^  which  I  would 
explain  by  this  peripheral  ischaemia,  is  obtained  by  lightly  rub- 
bing the  surface  of  the  abdomen  with  the  pulp  of  a  finger.  A 
broad,  white  streak  soon  appears,  which  gradually  becomes  more 
distinct,  then  after  three  or  four  minutes  fades  away. 

Emaciation,  Anorexia,  Vomiting,  Diarrhoea, — That  deficient 
oxidation  and  metabolism,  upon  which  nutrition  depend,  should 
entail  emaciation  is  self-evident.  Anorexia  is  but  a  consequence 
of  this  state  of  affairs,  the  utilization  of  less  foodstuffs  being  a 
normal  result  of  deficient  demand  for  the  same  by  the  tissues. 
The  vomiting  is  due  mainly  to  the  gastroptosis  caused  by  relaxa- 
tion of  the  muscular  coat  of  the  stomach,  a  condition  similar 
to  that  present  in  all  other  muscles  of  the  body.  Vomiting 
occurs  when  imperfectly  digested  materials  accumulate  in  the 
stomach,  partly  because  of  its  dilatation  and  partly 'as  a  result  of 
deficient  peristaltic  action  from  the  same  muscular  incompetence. 
A  corresponding  degree  of  asthenia  of  intestinal  muscles  also 
entails  constipation  owing  to  deficient  peristalsis  in  certain 
cases,  while  in  others,  or  subsequently,  there  is  diarrhoea  owing 
to  relaxation  of  the  intestinal  arterioles  and  the  resulting  passive 
congestion  of  the  intestinal  mucosa. 

Bronzing, — Langlois,  Gourfein,  and  others  have  found  that 
one-eleventh  of  the  adrenals  sufficed  to  carry  on  their  func- 
tions; this  illustrates  the  small  proportion  of  adrenal  secre- 
tion required  and  the  progress  any  local  lesion  may  make  before 
the  organism  at  large  is  morbidly  influenced.  Vassale  and 
Zanfrognini*'®  found  that  if  all  but  a  small  fraction  of  the 
medulla  is  left  in  experimental  animals,  all  the  typical  signs 
other  than  pigmentation  may  appear.  This  illustrates  the 
valuelessness  of  Notlmagel's  observation  that  pigmentation  did 
not  occur  in  153  animals  from  which  he  had  removed  both 
adrenals.  Death  occurred  in  all  these  animals  long  before 
bronzing  had  had  time  to  occur.  Boinet,  who,  on  the  other  hand, 
utilized  rats,  which  are  known  to  survive  the  operation  longer 
than  any  other  animal — owing  to  the  frequent  presence  of  ac- 
cessory organs — observed  typical  pigmentation  in  all  animals 
which  had  had  several  months'  postoperative  life.    Tizzoni  noted 

m  Vassale  and  Zanfrognlni :    Riforma  Medica.  Oct  31.  1902. 
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similar  results  after  crushing  the  organs ;  Brown-Sequard,  in  fact, 
had  long  before  noted  that  bronzing  appeared  in  animals  in  which 
the  operation  did  not  prove  fatal  for  some  months,  the  other 
symptoms  present  being  analogous  to  those  of  Addison^s  dis- 
ease. It  is  because  of  these  and  other  facts  adduced  in  the 
earlier  editions  of  this  work  that  I  concluded^^"  that  "insufft- 
ciency  of  the  adrenals  only  manifests  itself  by  bronzing  when, 
from  any  cause,  all  but  a  small  proportion  of  the  organs  has 
been  rendered  physiologically  inactive/'  Briefly,  the  bronzing 
of  Addison's  disease  occurs  only  in  advanced  hypoadrenia. 

We  have  seen  that  the  pigment  which  gives  the  skin  and 
the  mucous  membranes  their  bronze  hue  is  mainly  composed  of 
the  adrenal  product,  or  adrenoxidase,  which,  from  my  view- 
point, is  the  oxidizing  body  of  the  haemoglobin.^*®  That  the 
pigment  was  a  product  of  the  adrenals  was  first  suggested  by 
Brown-Sequard.  But  why  should  it,  though  a  constituent  of 
the  circulating  blood,  accumulate  in  the  tissues?  Here,  again, 
two  factors  prevail:  the  extremely  weak  blood-pressure  in 
advanced  cases,  and  the  identity  of  the  adrenal  product  as  the 
albuminous  constituent  of  hsemoglobin.  The  vis  a  tergo  motion 
of  the  blood  being  slowed,  the  plasma  circulating  in  the  cuta- 
neous capillaries  is  increasingly  unable  to  traverse  these  minute 
vessels  and  is  deposited  in  the  rete  mucosum.  The  adrenal 
constituent  being  freed,  it  resumes  its  original  reducing  power 
and  undergoes  the  changes  of  color  witnessed  when  fluid - 
extracts  of  adrenal  substance  are  exposed  to  the  air  and  light — 
a  yellowish  brown  gradually  turning  to  bronze  and  often  to 
black.  It  is  because  of  this  that  bronzing  is  not  characteristic 
of  Addison's  disease,  and  that  it  occurs  in  other  cachectic  dis- 
orders. 

This  does  not  militate  against  the  production  of  bronzing 
by  other  factors,  local  irritation,  drugs,  cutaneous  or  nervous 
disorders.  It  explains  only  its  mode  of  production  in  Addison's 
disease,  as  I  interpret  it. 

Lumbar  and  abdominal  pain  often  occurs  early  in  the 
disease,  but  may  be  absent  through  its  entire  course.  The  fact 
that  it  occurs  suddenly  in  crises  points  to  pressure  upon  the 


>'•  See  l8t,  2d.  or  3d  ed.,  p.  86. 
***  This  queBtioD  Is  treated  in 


full  on  p.  83S. 
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abundant  nervous  structures  in  the  immediate  neighborhood  of 
the  adrenals  or  through  dilatation  of  these  organs  when  the 
general  blood-pressure,  from  any  intercurrent  cause,  becomes 
high.  The  intense  congestion  attending  or  preceding  adrenal 
hemorrhage,  which  often  terminates  Addison's  disease,  sug- 
gests that  a  temporary  exacerbation  of  the  local  hypersemia 
incident  upon  the  local  lesion  is  the  main  cause  of  this  symptom. 

Tendency  to  Syncope,  Impairment  of  Vision,  and  Hearing, — 
The  tendency  to  syncope  is  such  in  some  cases  that  elevation  of 
the  head  sometimes  suffices  to  cause  death.  Not  only  is  this 
accounted  for  by  the  low  blood-pressure  and  the  resulting  cerebral 
ischaemia,  but  also  by  the  poverty  of  the  blood  in  adrenoxidase, 
its  oxidizing  principle.  The  extremely  small,  soft,  compressible, 
and  sometimes  imperceptible  pulse  bespeaks  a  third  factor  in  the 
pathogenesis  of  this  symptom:  great  systolic  weakness  of  the 
heart,  owing  to  loss  of  the  direct  support  received  from  the 
adrenal  secretion  in  transit  through  its  right  auricle  and  ventricle, 
and  deficient  metabolism  in  the  left  myocardium. 

The  same  cerebral  ischaemia  and  anaemia  which  predispose 
to  syncope  and  vertigo  also  affect  the  organs  of  special  sense; 
hence  the  impaired  vision  and  hearing. 

Ileadache,  Irritability,  Hallucinations,  Delirium,  ConvuU 
stojis. — We  have  seen  that,  as  shown  by  Abelous  and  Langlois, 
the  adrenal  secretion  is  endowed  with  antitoxic  functions.  It  fol- 
lows, therefore,  that  any  adrenal  disorder  capable  of  materially 
reducing  the  supply  of  this  secretion  must  lead  to  accumulation 
of  the  tissue  poisons  it  is  kno\^Ti  to  destroy.  It  is  these  poisons 
that  give  rise  to  headache,  irritability,  muscular  twitching, 
rigidity,  delirium,  and  convulsions  similar  to  those  witnessed  in 
puerperal  eclampsia,  also  due  to  endogenous  poisons. 

Coma,  Sudden  Death, — Gradual  decline  with  profound 
asthenia,  or  some  intercurrent  disorder  and  coma  often  terminates 
the  case,  but  not  infrequently  death  occurs  in  the  midst  of  a 
('onvulsi(m,  or  suddenly  without  such,  owing  to  adrenal  haemor- 
rhage. This  is  due  to  the  accumulation  of  jwisons  referred  to 
un(h»r  the  preceding  heading.  By  irritating  or  exciting  the 
vasomotor  center,  these  ])oisons  cause  a  rise  of  blood-pressure 
and  even  fever.  The  nMunant  of  medulla  in  the  adrenals  and 
their  intrinsic  sinusoidal  vessels,  medullar  and  cortical,  being 
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subjected  to  inordinate  .pressure,  suddenly  rupture,  constituting 
what  Amaud  has  very  aptly  termed  "adrenal  apoplexy/^ 

Treatment, — The  only  curative  measure  worthy  of  any  con- 
fidence is  one  calculated  to  replace  the  destroyed  glands  or,  at 
leasts  to  supply  the  organism  with  the  adrenal  product  in  some 
form. 

The  grafting  of  adrenals  into  the  tissue  has  led  to  such 
unfortunate  results  that  Courmont,  after  a  personal  experience 
in  the  use  of  this  procedure,  declared  it  formally  contraindi- 
cated.  Indeed,  Bra,^**  after  grafting  the  suprarenals  of  a  dog 
into  the  cellular  tissue  of  the  abdomen  in  a  child  of  14  years, 
witnessed  its  death  in  three  days.  Jaboulay,^®*  having  resorted 
to  the  same  method  in  two  cases,  lost  both  within  twenty-four 
hours,  owing,  he  honestly  admits,  to  the  operation.  The  same 
result  followed  in  Courmont's  case.  If  this  question  is  closely 
analyzed,  however,  it  becomes  apparent  that  it  is  not  the  method 
proper,  or  the  operators,  that  are  responsible  for  the  untoward 
results,  but  rather  the  fact  that  the  functions  of  the  adrenals 
were  still  too  obscure,  at  the  time  the  operations  were  performed, 
to  afford  the  indications  necessary  for  a  judicious  adjustment  of 
the  quantity  of  adrenal  tissue  grafted  to  the  needs  of  each 
particular  case. 

Tlie  cause  of  death  in  such  cases  is  made  clear  by  my 
inteq)retiition  of  the  functions  of  the  adrenals.  Thus  Cour.mont, 
referring  to  the  three  cases  in  which  dog's  adrenals  had  been 
grafted  in  cases  of  Addison's  disease,  writes:  "In  the  tlnvc 
cases  the  results  were  disastrous.  In  my  own  case  the  patient 
died  in  twenty- four  hours  with  a  formidable  liyprrihcrmia  anc' 
cardiac  collapse,'^  while  specifying  that  there  was  no  iijfection  of 
the  wound.  With  the  adrenals  a.s  tlie  source  of  a  secretion  whose 
mission  is  to  sustain  oxidation,  the  cause  of  the  excessive 
temperature  is  self-evident.  The  grafted  adrenal  tissues  fur- 
nished adrenal  substance  far  in  excess  of  the  needs  of  the 
organism,  and  the  phenomena  produced  were  those  of  the 
physiological  function  carried  out  by  the  secretion,  but  "forniid- 
ably^'  exaggerated. 

If  grafting  is  resorted  to,  the  proportion  of  tissue  employed 


»»»  Bra:     Cited  by  E.  X.   Adams,   Practitioner.   Oct.,   1IM)3. 
»3Jaboulay:    Lyon  MMical,  Mar.  21,  1897. 
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should  be  adjusted  to  the  needs  of  each  ease,  always  beginning 
with  a  small  quantity  of  tissue  and  adding  small  grafts  until 
distinct  improvement  is  noted.  It  must  be  said,  however,  that 
the  experimental  use  of  small  grafts  has  not,  so  far,  been  attended 
with  much  success. 

Indeed,  it  has  not  been  possible  to  obtain  successful  grafts 
in  a  sufficiently  large  proportion  of  experimental  animals  so  far 
to  warrant  grafting  in  man.  Dominicis,*®'  Boinet,  Imbert,^®* 
Coenen,'**  Taddei  and  Torrini,^^*  and  others  had  unsuccessfully 
attempted  to  introduce  grafts  in  various  parts  of  the  body. 
Abelous,'®^  however,  succeeded  in  preserving  life  in  animals 
from  which  the  adrenals  had  been  removed  by  means  of  grafts; 
but  subsequent  degeneration  of  the  latter  caused  death. 
Gourfein  met  with  similar  results.  Haberer,^^*  after  partly 
detaching  one  adrenal  in  such  a  way  as  to  provide  a  pedicle 
which  would  continue  to  supply  the  organ  with  blood,  inserted 
the  free  segment  in  a  slit  in  the  kidney.  This  operation,  tried 
in  86  animals,  proved  successful  in  50  per  cent.  But  to  replace 
a  diseased  organ,  transplantation  of  a  normal  organ  obtained 
from  another  subject  or  lower  animal  is  necessary.  The  nearest 
approach  to  this  result  was  that  obtained  by  Busch,  Leonard, 
and  Wright,^^"  who  succeeded  in  transplanting  the  adrenal  of 
one  rabbit  into  the  kidney  of  another  which  had  also  been 
deprived  of  one  adrenal.  On  removing  the  remaining  adrenal 
thirty-six  days  later,  the  animal  recovered,  showing  that  the 
implanted  adrenal  was  functionally  active.  On  removing  the 
kidney  containing  the  grafted  adrenal  twenty-nine  days  later, 
however,  the  animal  died  in  forty-three  hours.  On  the  whole, 
it  has  become  apparent  that  the  kidney  is  the  best  structure  for 
the  implantation  of  adrenal  grafts,  and  that  it  is  in  this  direc- 
tion that  our  attempts  at  grafting  should  be  directed.  Recall- 
ing the  experience  of  Jaboulay,  Courmont,  and  others  to  the 
effect  that  the  dog^s  adrenal  produces  fatal  hyperthermia,  the 
organs  of  smaller  animals  might  be  used,  adding  one  or  more 
subsequently  if  need  be. 


>M  DomlniclB:    Oazetta  degli  Osp.  e.  d.  Clin.,  Nov.  22,  1896. 

iB«  Imbert:    Le  Bulletin  Medical.  Nov.  8.  1899. 

»»Coenen:    Arch.  f.  kiln.  Chlr..  B.  Ixxxi.  Hft.  2.  1907. 

>""  Taddei  and  Torrinl:    Lo  Soerimentale,  July- Aug.,  1907. 

»«Abelou8:     C.  R.  de  la  Soc.  de  Biol.,  Nov.,  1892. 

^»  Haberer:    Arch,  filr  kiln.  Chlr.,  B.  Ixvlll,  No.  2,  1908. 

^  Bu8ch»  Leonard,  and  Wright:    Jour.  Amer.  Med.  Abboc,  Aug.  22,  1908. 


ADDISON'S   DISEASE.  105 

As  to  the  general  results  of  adrenal  preparations  and 
grafting,  a  series  of  120  cases  collected  from  literature  within 
my  reach,  including  97  previously  collected  by  E.  W.  Adams,*"*^ 
in  all  of  which  adrenal  preparations  had  been  used  in  some 
form,  gave  the  following  results: — 

1.  Cases  in  which  death  can  be  ascribed  to  grafting 

or  adrenal  preparations    8 

2.  Cases  in  which  the  benefit  was  slight  or  nil 51 

3.  Cases  in  which  marked  improvement  occurred 36 

4.  Cases  in  which  permanent  benefit  was  obtained  . .  25 


120 


The  unfavorable  results  obtained  with  adrenal  preparations 
given  orally  are  doubtless  due,  in  a  great  measure,  to  their 
empirical  use,  and  regardless  of  the  dose  indicated  in  each  case. 
E.  W.  Adams'*^  refers  to  a  group  of  7  cases,  "in  which  alarm- 
ing or  fatal  results  were  presumably  or  possibly  due  to  the 
treatment/^  He  mentions,  for  instance,  2  cases  reported  by 
Affleck^®^  treated  with  "suprarenal  gland  extract.'^  The  chart 
notes  include  the  words:  "Alarming  collapse.  One  of  the 
cases  began  to  improve  markedly  when  the  extract  was  stopped.'* 
In  the  original  paper,  reference  is  made  to  another  ease  treated 
by  suprarenal  extract  in  which  "similar  collapse  was  noted.'* 
The  do!^e  was  not  mentioned.  Such  Ciises  are  apt  to  be 
regarded  as  examples  of  the  sudden  death  observed  in  Addi- 
son's disease,  to  which  Addison  himself,  Dieulafoy,  Anderson, 
Bradhurv',  and  others  have  called  attention.  Guiol,'®'  having 
observed  similar  signs  of  intoxication  and  collapse,  tried  the 
remedy  in  a  normal  subject  and  obtained  the  same  morbid 
phenomena.  The  essential  feature  in  carrying  out  this  mode 
of  treatment  is  to  adjust  the  amount  administered  to  the  needs 
of  each  case.  Addison's  disease  being  due,  from  my  viewpoint, 
to  inadequate  oxygenation  and  metabolic  activity,  the  results 
in  turn  of  a  deficient  production  of  the  adrenal  secretion,  it 
follows  that   the  temperature  and  blood^pressure  indicate   the 


^^  Adams:     Practitioner,   Oct.,  1903. 

""  AdaniB:     LfM-.  rit. 

»»«  Affleck:     Lancet.   Dec.   31.   1898. 

»«Guiol.    Bull,  de  la  Soc.  m^dico-chi.  du  Var,  Dec.,  1906. 
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degree  to  which  the  adrenals  are  still  performing  their  functions. 
It  is  plain^  therefore^  that  our  aim  should  be  to  supply  only  just 
enough  adrenal  extractive  to  compensaie  for  the  deficiency  of 
adrenal  secretion  produced. 

This  may  be  illustrated  by  the  history  of  25  cases  of  Addi  • 
son^s  disease  in  which,  out  of  the  120,  permanent  benefit 
occurred.  In  1  of  these,  treated  by  Bate,****  but  K2  grain 
(0.005  Gm.)  of  adrenal  extract  three  times  daily  caused  very 
great  and  lasting  improvement  with  marked  lessening  of  the 
bronzing.  When  the  remedy  could  not  be  obtained  temporarily, 
which  occurred  twice,  the  case  relapsed.  Conversely,  Suck- 
ling^****  began  with  10  grains  daily  in  another  case  and  gradually 
increased  until  175  grains  were  given  each  day;  he  also  obtained 
favorable  results.  That  in  Bate's  case  the  adrenals  were  still 
able  almost  to  carry  on  their  function  is  self-evident,  while  in 
Suckling's  the  remedy  practically  compensated  for  the  adrenals ; 
the  local  morbid  process  in  them  was  still  active,  and  such  as  to 
paralyze  their  functions — a  fact  which  was  well  shown  by  the 
severity  of  the  case  when  the  use  of  the  extract  was  begun. 
The  average  dose  is  probably  that  used  by  Weigall***  in  a  very 
severe  case — 5  grains,  increased  to  10  grains,  of  the  extract 
three  times  a  day.  The  patient  increased  6  pounds  in  two 
weeks,  and  after  about  three  months  56  pounds.  In  other 
words,  in  the  25  cases  of  permanent  benefit,  although  the 
remedy  was  used  empirically,  it  so  happened  in  all  probability 
that  the  doses  employed  coincided  with  the  needs  of  the  organism. 
In  the  51  cases  in  which  no  benefit  was  obtained  several  occur 
in  which  failure  was  evidently  due  to  inadequate  dosage  or  to 
too  early  cessation  of  the  treatment,  while  in  others  excessive 
doses — practically  in  every  instance  a  too  rapid  or  excessive 
increase  of  the  dose — as  clearly  prevented  a  successful  issue. 

Excessive  doses  may  not  only  raise  the  temperature  beyond 
normal,  as  we  have  seen,  but  they  may  also,  by  increasing  gen- 
eral oxidation  and  metabolism,  so  increase  the  functions  of  the 
thyroid  that  we  may  have,  besides,  symptoms  of  exophthalmic 
goiter.     Boinet^"^  reported  such  a  case  in  a  patient  who  had 


'•*  Bate:    Amer.  Pract.  and  News.  Aug.  1,  1899. 
><"  Suckling:     Brit.  Med.  Jour..  May  28.  1898. 
i*"Welgall:    Australasian  Med.  Oaz.,  Oct.  20.  1906. 
^  Boinet:    C.  H.  de  la  SQci6t6  de  biol.,  n.  891,  1889. 
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increued  flie  doee  of  his  own  aoooid.  ~  The  same  dinidan'** 
obBer?ed  sadden  death  in  2  cases  after  injecting  ^^so  gnui  <^ 
adrenalin,  the  rise  of  preflsaie  having  prodnoed,  doubtlesi, 
hsmorrfaagic  destruction  of  what  remained  of  adrenal  mednlla. 

Desiccated  snprarenal  gland,  jmmded  a  good  and  fresh 
preparation  is  nsed,  is  the  most  effective  agent  now  at  oor  dis- 
posal. It  was  first  nsed  by  Abeloiu^  Charrin  and  Lan^is,  of 
PaiiSy  and  has  also  been  found  efficient  by  Sngent,'**  Hirtz  and 
Debr6/*^  and  others  Jndson  Daland'**^  rqiorted  a  cane  dae  to 
adrenal  tuberculosis  in  which  snprarenal  increased  greatly  the 
vitality  and  strength  without  greatly  increasing  the  blood-pres- 
sure.   The  tubercular  process  should  be  treated  simultaneously. 

The  preparation  now  generally  employed,  the  dried  gland 
(the  glandulm  suprarenales  siccw  of  the  U.  S,  P.)  is  available  in 
tablet  form,  1  grain  representing  about  5  grains  of  tiie  fresh 
gland.  If  the  blood-pressure  and  the  temperature  are  consider- 
ably below  normal,  3  grains  (0.2  Gm.)  may  be  given  to  an  adult 
twice  daily  during  meals  from  the  starts  and  kept  up  and 
increased  if  need  be  until  they  become  normal,  regulating  the 
dose  thereafter  so  as  to  maintain  this  level.  Smaller  doses  are 
indicated  if  the  blood-pressure  and  temperature  do  not  depart 
much  from  the  normal.  The  powder  is  fiometimes  to  be  pre- 
ferred in  the  same  doses,  owing  to  the  possibility  of  adminifiter- 
ing  it  in  capsules  which  conceal  the  rather  unpleasant  odor  of 
adrenal  gland. 

Glycerin  extract  of  fresh  gland  may  be  prepared  where  tlie 
desiccated  gland  cannot  be  obtained;  or  tlie  fresh  mutton  or 
beef  gland  may  be  given  twice  daily,  in  do^^s  of  5  to  15  grains, 
with  the  food.  The  glycerin  extract  is  also  used  hypodermically, 
but  the  injections  are  painful  and  are  no  more  effective  than  the 
dried  gland. 

As  previously  stated,  I  ascribe  the  therapeutic  effects  of 
pituitary  extract  to  the  adrenal  principle  it  contains.  It  is  in- 
dicated, therefore,  in  Addison^s  disease.  The  l>est  way  to  ad- 
minister it  is  by  intramuscular  injections,  using  15  minims  (1 
c.c.)  of  the  preparation  termed  "vaporole"  by  Burroughs  Well- 

***Bolnet:    Arch,  g^n^ntle*  de  mM.,  Feb.  9,  1904. 
>"*  Sergent:    Jour,  de  mM.  et  de  chlr.  prat.,  June  10,  1913. 
^  HirU  and  Debr6:     Paris  U66.,  June  27.  1914. 
Daland:     BndocrtnologT,  Julj-Sept,   1918. 
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come  and  Co.  and  supplied  in  email  vials  containing  the  above 
quantity.  The  dose  should  be  renewed  as  frequently  as  needed 
to  raise  the  temperature  to  normal  and  keep  it  there. 

Pitres  and  Gautrelet**®  found  recently  that  the  use  of 
glucose,  to  compensate  for  the  deficient  formation  of  glycogen 
(due  to  inadequate  conversion  of  starches  into  this  substance), 
caused  the  intense  adynamia  and  sensation  of  fatigue  to  im- 
prove materially,  especially  when  given  simultaneously  with 
adrenal  preparations. 

Iron  in  the  form  of  Blaud's  mass  is  of  advantage  to  counter- 
act the  anjpmia.  The  adrenal  product,  by  increasing  the 
albuminous  haamoglobin,  requires  the  iron  to  build  up  haematin 
and  the  complete  haemoglobin.  It  is  indicated  even  when  the 
blood-count,  which  may  be  very  low,  as  noted  by  Hayem,  shows 
but  little  diminution  of  red  corpuscles.  One  grain  of  iron 
can  be  given  with  desiccated  adrenal  powder  in  capsules. 
Other  drugs  should  be  used  with  great  circumspection,  espe- 
cially in  advanced  cases.  Strychnine,  digitalis,  and  other  drugs 
which  raise  the  blood-pressure  expose  the  patient  to  adrenal 
ha&morrhage. 

The  intense  asthenia,  the  tendency  to  syncope  on  exertion, 
and  the  weakness  of  the  heart  impose  the  need  of  remaining 
as  quiet  as  possible.  When  the  case  is  advanced,  rest  in  bed 
is  indicated.  Nutritious,  but  readily  digested  food  tends  to 
delay  the  morbid  process,  meats  and  milk  contributing  their 
own  adrenal  substance  to  compensate  in  a  measure  for  the 
patient^s  inadequate  supply.  Lavage  of  the  stomach  affords 
considerable  relief  in  cases  in  which  there  is  gastroptosis  and 
retention  of  food  materials  as  a  result  of  relaxation  of  the 
muscular  coat  of  the  stomach,  in  keeping  with  the  adynamia  of 
all  muscular  elements.  Bismuth  is  the  safest  agent  to  use  for 
the  diarrhoea  in  conjunction  with  the  adrenal  preparation 
employed. 

When  Addison^s  disease  is  due  to  tuberculosis  of  the 
adrenals,  as  is  usually  the  case,  the  carbonate  of  creosote  5 
grains  (0.3  6m.)  three  times  daily  may  advantageously  be  given 
with  the  adrenal  preparation.  The  iodides,  which  do  not  raise 
the  blood-pressure,  have  been  used  with  advantage. 

"^  Pitres  and  Qautrelet:    Revue  de  Th^rap.  M6dico-Chir.,  Aug.  15.  1910. 
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TERMINAL  HYPOADRENIA. 

For  reasons  given  on  page  80,  the  term  ^^ypoadrenia"  was 
introduced  in  lieu  of  those  at  present  in  vogue,  which  are  either 
incorrect  or  cumbersome.     Interpreted  from  my  viewpoint, 

Terminal  hypoadrenia  is  that  form  of  adrenal  insufficiency 
which  occurs  late  in  the  course  of  an  acute  febrile  disease,  as  a 
result  of  the  exhausting  secretory  activity,  probably  aggravated 
by  temporary  local  lesions  to  which  the  adrenals  are  subjected, 
as  defensive  organs,  during  the  febrile  period  of  the  disease.  It 
should  be  clearly  differentiated  from  intercurrent  Aypcradrenia, 
a  more  dangerous  type,  considered  beyond,  which  may  appear  at 
any  time  in  the  course  of  an  acute  infection  or  toxaemia. 

The  adrenals  being  admittedly  concerned  in  the  protection 
of  the  organism  during  infections  and  intoxications  by  con- 
tributing an  excess  of  their  secretion  during  the  febrile  stage 
of  the  disease  (sometimes  considerably  prolonged),  it  follows 
that  after  this  stage  is  over  the  adrenals  should  lapse  into  a 
condition  of  more  or  less  temporary  insufficiency  through 
fatigue  or  exhaustion.  This  effect  is  well  exemplified  by  the 
recent  observation  of  CarP®*»  that  the  adrenals  of  frogs  after 
strychnine  convulsion  and  also  of  a  bicyclist  who  had  died  of 
extreme  exertion  no  longer  gave  the  chromaffin  reaction. 

In  lobar  pneumonia' and  bronchopneumonia,  for  instance, 
resolution  may  be  considerably  delayed  and  convalescence  like- 
wise.  There  is,  late  in  the  case,  extreme  adynamia  and  a  low 
bloml-pressure,  the  temperature  is  below  normal,  the  pulse 
weak  and  more  or  less  rapid,  and  death  from  heart-failure  is 
not  infrequent.  In  typhoid  fever,  hypoadrenia  is  commonly 
observed.  The  disease  assumes  what  is  now  known  as  the 
cardiac  type,  with  weak  pulse,  prostration,  a  tendency  to  faint- 
ing. A  case  of  this  class,  and  which  shows  clearly  the  adrenal 
involvement,  was  recently  described  by  Josue.^^*  Here,  again, 
we  find,  late  in  the  case,  extreme  prostration,  a  rapid,  weak  and 
sometimes  irregular  pulse,  hypothermia,  and  a  marked  tendency 
to  vertigo,  fainting,  and  cardiac  failure.  Are  these  phenomena 
due,  in   keeping  with   the  effects  of  poisons   on   the  adrenals 

«"  Jo8U«:    Social  MMicale  dea  HOpltaux,  May  21,  1909. 
»>•  BerltDer  kiln.  Wochenscbrlft,   June  12,   1911. 
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already  described  in  these  pages,  .to  vascular  lesions  of  these 
organs  ?  Sicard^®^  reported  the  case  of  a  young  woman  in  whom 
the  foregoing  symptoms  appeared  on  the  ninth  day  of  a  broncho- 
pneumonia. Extreme  muscular  weakness,  marked  hypothermia 
and  low  blood-pressure,  diarrhoea,  and  Sergent^s  white  line  were 
present.  On  the  fifteenth  day  the  blood-pressure  fell  to  70  or 
80  (7  or  8  per  cent.  Potain)  and  death  followed  three  days  later. 
At  the  autopsy  the  adrenals  were  found  hsemorrhagic.  This 
suggests  that  adrenal  lesions  may  be  present  in  all  such  cases. 
Yet,  Kibadeau-Dumas  and  Bing^®^  have  witnessed  the  same 
symptoms  in  cases  of  measles  which  recovered,  while  Bossuet^®* 
refers  to  8  cases  in  various  febrile  disorders  in  which  typical 
symptoms  of  adrenal  insufficiency,  asthenia,  low  blood-pressure, 
etc.,  developed  suddenly  and  disappeared  spontaneously,  aided 
perhaps  by  adrenal  extract  which  had  been  administered.  What 
organic  lesions  occur  in  such  cases,  therefore,  are  not  necessarily 
fatal,  as  emphasized  by  the  areas  of  fibrosis  (old  healed  lesions) 
often  found  at  autopsies.^®^ 

As  well  stated  by  Morichau-Beauehant,***®  the  adrenals 
seem  to  show  a  special  predilection  for  certain  infections. 
Diphtheria  easily  leads  them  all  in  this  connection.  So  seriously 
do  these  organs  suffer  in  these  cases  that  Sevestre  and  Marfan 
have  termed  the  type  "secondary  syndrome  of  malignant  diph- 
theria.^' Hutinel  ascribes  the  fulminating  cases  of  scarlatina 
to  this  cause.  Tetanus,  erysipelas,  mumps,  certain  forms  of 
tonsillitis,  and  certain  streptococcic  infections  are  occasionally 
witnessed  which  also  present  the  typical  s}Tidrome  of  hypoadrenia. 
Goldzicher^®^  was  led  bv  his  researches  to  conclude  that  in  the 
various  forms  of  septicaemia  the  appearance  of  lower  blood- 
pressure  was  to  be  ascribed  to  insufficiency  of  the  adrenals. 
Finally,  Comessatti^**^*  found  that  in  diseases  of  long  duration, 
the  adrenalin  contained  in  the  adrenals  was  far  less  than  in  those 
of  subjects  in  which  death  had  occurred  suddenly. 

Pathogenesis  and  Symptomatology. — These  two  features 
of  terminal   hypoadrenia   have   been  partially   covered   in    the 

«»Sicard:    BuHeUn  de -la  Soc.  M6dicale,  July  21,  1904. 
**  Ribadeau-Dumas  and  Bing:     Bull,  de  la  Soc.  Anat,  June  3,  1904. 
«>*  BosBuet:    Gazette  hebd.  des  Sc.  m^d.  de  Bordeaux.  Oct  30,  1904. 
">i^  Loeper  and  Oppenheim,  in  Malad.  dee  Reins  et  des  Caps.  Sur.,  by  Debove, 
etc.,  p.  738,  1906. 

*^  Moricbau-Beaucbant:     Le  progrds  medical,  Oct  9,  1909. 
"'^  Qolddcher:     Wiener  kiln.  Woch.,  June  10.  1910. 
*>v*  Comessattl:     La  Clinica  med.  Italiana,   Nov.,  1910. 
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forgoing  lines.  'Briefly^  if  at  the  end  of  an  infections  disease 
the  case,  instead  of  proceeding  to  convalescence^  remains  in  a 
condition  of  asthenia,  with  low  blood-pressure  and  temperature, 
there  is  good  ground  for  the  oHiclusicm  that  this  form  of  hypo- 
adrenia  has  occurred.  Exhaustion  of  the  adrenals  during  the 
acute  process  hahring  inhibited  their  secretory  activity,  the 
above  symptoms  result  from  inadequate  oxidation  of,  and 
metabolic  activity  in,  the  tissues.  Sergent's  white  line,  already 
described,  may  be  obtained  in  the  majority  of  these  cases.  The 
patient  complains  of  chilliness,  the  surface  is  pale  owing  to  the 
poverty  of  the  blood  in  cellular  elements  and  lisemoglobin,  and 
to  recession  of  the  blood-mass  from  the  surface  to  the  deeper 
vascular  trunks.  The  vascular  tension  being  low  the  pulse  is 
rapid  and  the  heart-beat  weak.  Anorexia  due  to  deficient 
metabolism  and  diminished  nutritional  needs,  nausea,  the  result 
of  relaxation  of  the  gastric  muscular  coat,  and  diarrhoea  due  to  a 
similar  condition  of  the  muscular  coat  of  the  (already  passively 
engorged)  intestine,  more  or  less  frequent  fainting  spells  may  all 
be  witnessed  in  such  cases,  which  are  always  greatly  exposed  to 
relapse  or  to  sudden  demise  from  heart^failure. 

Complications  of  various  kinds  may  occur.  The  immuniz- 
ing processes  being  greatly  weakened  through  the  deficiaicy  of 
adrenal  secretion,  one  of  its  important  factors,  septic  infection, 
abscesses,  bone  lesions,  tuberculosis  of  a  rapid  type,  and  other 
infections  may  more  or  less  rapidly  develop.  Disorders  of 
nutrition,  cholelithiasis,  and  occasionally  Addison's  disease  may 
also  appear.  In  acute  pulmonary  infections,  pneumonia,  for 
example,  tissues  in  the  neighborhood  of  the  focus  of  infection, 
the  pleura,  the  heart,  etc.,  inadequately  protected  by  the  blood 
or  its  phagocytic  cells  become  infected.  Briefly,  the  body  is 
rendered  vulnerable  to  the  attacks  of  almost  any  pathogenic 
organism. 

Pathology. — In  the  special  type  in  question  no  adrenal 
lesion  may  be  discernible.  In  the  majority  of  instances,  how- 
ever, the  organs  are  enlarged  and  congested,  and  may  show  here 
and  there  a  limited  haemorrhagic  area.  Their  appearance  sug- 
gests not  only  the  conditions  incident  upon  functional  exhaus- 
tion, but  the  presence  of  a  passive  congestion  (sec  page  34) 
resulting  from  loss  of  resiliency  of  their  sinusoidal  vessels,  thus 
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impeding  the  circulation  through  them.  Occasionally  they  are 
the  seat  of  suppuration,  a  complication  which  is  apt  to  be  ob- 
served when  the  causative  disease  is,  or  includes,  a  streptococcic 
infection,  pneumonia  or  meningitis. 

The  pathological  picture  of  the  more  severe  form  of 
adrenal  complication,  i.e.,  intercurrent  hyperadrenia,  considered 
beyond,  shows  far  more  distinct  lesions  of  the  adrenal  paren- 
chyma. Hence  the  typical  lethal  phenomena  that  attend  many 
of  these  cases. 

Treatment. — In  these  particular  cases  opotherapy,  or 
rather  the  use  of  adrenal  gland,  or  of  pituitary  body,  which 
acts  very  similarly,  but  with  less  violence  and  more  lasting 
effects,  sometimes  gives  surprising  results.  The  adrenal  prod- 
uct— which  from  my  viewpoint  is  also  the  main  active  agent  in 
the  neural  lobe  of  the  pituitary,  as  shown  by  the  chromaffin 
test — supplies  precisely  what  the  body  needs,  e.g.,  the  resump- 
tion of  all  oxidation  processes,  which  means  general  metab- 
olism and  nutrition,  and  the  resulting  rise  of  blood-pressure, 
which  causes  the  blood  to  circulate  normally  in  all  organs,  in- 
cluding the  skin,  and  in  the  adrenals  themselves.  Indirect 
effects  are  also  obtained:  its  action  on  the  heart  increases  the 
contractile  power  of  this  organ,  and,  being  thus  rendered 
capable  of  projecting  the  blood  with  more  vigor  through  the 
lungs,  oxygenation  of  the  blood  becomes  more  perfect — a 
process  materially  aided  by  the  rise  of  blood-pressure,  which,  as 
stated,  drives  the  blood  from  the  splanchnic  area  toward  the 
peripheral  organs,  including  the  lungs  and  the  brain.  From 
these  features  alone,  considerable  benefit  is  derived.  If  we 
recall,  moreover,  the  participation  of  the  adrenal  secretion 
(which  the  adrenal  preparation  administered  represents)  in  the 
immunizing  process,  we  have  the  added  factors  of  ridding  the 
blood  of  any  intermediate — and  therefore  toxic — ^wastes,  bac- 
terial toxins,  etc.,  it  may  contain,  and  of  increasing  phagocytic 
activity,  thus  antagonizing  efficiently  any  pathogenic  organism 
that  may  remain  to  compromise  the  issue.  Thus  explained,  we 
can  understand  the  phrase  "little  short  of  marvelous^'  applied 
to  the  results  obtained  bv  some  clinicians.  We  can  also  under- 
stand  the  marked  reduction  in  the  mortality  obtained  by  Hod- 
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dick*^  in  caaes  of  peritonitis  following  appendicitis  accom- 
panied by  uncontrollable  decline  of  the  blood-pressure^  cyanosis, 
and  other  evidences  of  collapse,  and  also  in  puerperal  toxsemias, 
by  the  slow  intravenous  use  of  adrenalin  in  saline  solution. 
Hoddick  ascribes  the  lowering  of  the  blood-pressure  to  paral- 
ysis of  the  vasomotor  center;  but  as  the  toxaemia  is  the  cause 
of  this  conditipn,  an  agent  capable  of  counteracting  both  cause 
and  effect  is  necessary.  This  is  met  by  the  adrenal  principle. 
Jo8u6,***  in  typhoid  fever,  likewise  relieved  threatening  symp- 
toms by  injecting  15  minims  (1  c.c.)  of  adrenalin  (1 :  1000  sol.) 
in  V^  to  1  pint  (250  to  500  c.c.)  of  physiological  saline  solution 
subcutaneously.  The  influence  of  the  saline  solution  in  these 
cases  must  not  be  overlooked,  however.  Seven  years  ago,  I 
urged  that  death  was  often  due,  in  infectious  and  septic  diseases, 
to  deficient  circulatory  osmosis,  and  advised  the  use  of  saline 
solution  from  the  onset  in  all  febrile  diseases.  Nctter'^^  has 
used  large  doses  of  the  adrenal  active  principle  with  profit. 
Marran  and  Darr^^^  found  it  of  great  value  in  the  collapse  of 
diphtheria  with  marked  asthenia,  low  blood-pressure,  and  sub- 
normal temperature.  Moizard^^'  recommended  adrenal  opo- 
therapy as  soon  as  asthenia  and  low  blood-pressure  occur  in  any 
infet-tion.  He  gives  daily  two  fresh  adrenals  from  the  sheep, 
finely  divided  and  mixed  with  powdered  sugar,  or.  better,  the 
use  of  the  active  principle,  adrenalin,  supracapsulin,  ..etc.,  10  to 
20  drops  daily  divided  in  five  or  six  doses.  Kirchheimer^"  has 
found  large  doses  (10  to  24  minims)  safe  hypodemiically  in  the 
collapse  of  pneumonia,  diphtheria,  and  scarlet  fever.  Letulle, 
I^moine,  Grysez,  and  Dupuich^^^*  have  found  it  of  great  value 
in  the  latter  disease.  Lesn^,  Gerard,  and  Francon"'**  noted 
that  the  sudden  death  in  erysipelas  showed  the  characteristic 
symptoms  of  adrenal  inhibition  and  obtained  good  results  from 
the  internal  use  of  adrenalin  and  digitalis.  The  better  plan, 
from  my  viewpoint,  is  to  inject  adrenalin  with  saline  solution 
(at  108**  F.)  intravenously. 


Hoddick:    Centralbl.  f.  Cbir.,  Oct.  12.  1907. 
*»Jo«u*:    Lw.  cit. 

"<>  Setter:     Soc.  MMicale  des  HOpltoux.  May  7,  1909. 
*>*  Marran  and  Darr6:    Journal  dea  praticiens.  May  15,  1909. 
'"Moizard:    Revue  de  th^rapeutlque,  Jan.  1,  1910. 
"*  Kirchbeimer:    Mdnch.  med.  Wocb.,  Dec.  20,  1910. 
"**  Lemolne.  Grysez,  and  Dupuicb:    Bulletin  medical,  Jan.  17,  1912. 
'^'^.Lesn^,  Gerard,  and  Francon:    Preese  mMlcale,  Not.  15.  191L 


114  FUNCTIONS  AND   DISEASES  OF  THE  ADRENALS. 

These  measures  are  only  indicated  in  emergency  cases, 
however.  In  the  average  case  the  glandulcB  suprarenales  siccoB 
of  the  U.  S.  P.  administered  by  the  mouth  is  fully  as  effective 
if  a  good  preparation  is  obtained  as  soon  as  asthenia  and  low 
blood-pressure  appear.  The  powder  in  3-grain  (0.2-Gm.)  doses 
three  times  daily  in  capsules,  gradually  increased  until  5  grains 
are  given  at  each  dose,  usually  suffices.  When  the  cardiac 
adynamia  disappears,  a  small  dose  of  thyroid,  the  desiccated 
gland,  also  ^^  grain  (0.03  Gm.)  strychnine  %o  grain  (0.001  Gm.) 
and  Blaud's  pill,  1  grain  (0.06  Gm.)  added  to  each  capsule 
greatly  hai^tens  convalescence.  The  iron  and  the  adrenal 
product  serve  jointly  to  build  up  the  haemoglobin  molecule,  a 
slow  process  when  left  to  itself. 

For  our  knowledge  of  the  action  of  the  use  of  pituitary 
extracts  in  infectious  diseases  we  are  mainly  indebted  to  L. 
E6non  and  Delille,^**  who  began  their  use  in  1907.  In  a  recent 
work  in  which  the  observations  of  both  observers  are  recorded, 
Delille,^**  referring  to  grave  cases  of  typhoid  fever,  states  that 
they  showed  "arterial  hypotension,  irregularity  of  the  pulse 
(especially  the  grave  forms),  oliguria,  insomnia;  while  con- 
valescents showed  asthenia,  hypotension,  or  at  least  effort 
hypotension  (Oddo  and  M.  Achard),  paroxysmal  or  continuous 
tachycardia^^ — all,  we  have  seen,  symptoms  of  hypoadrenia. 
They  found  ly^  grains  of  pituitary  extract  (of  both  lobes),  at 
noon  daily,  extremely  efficient;  it  counteracted  at  once  the 
depressed  arterial  tension,  produced  diuresis,  relieved  the  insom- 
nia, and  greatly  improved  the  general  condition.  Similar  effects 
were  observed  in  diphtheria  and  erysipelas.  The  use  of  the 
pituitary  extract  "vaporole,''  as  described  under  the  preceding 
heading,  is  also  indicated  in  these  cases.  The  results  in 
pneumonia  do  not  appear  to  me  to  warrant  the  use  of  any 
adrenal  or  pituitary  preparations  early  in  the  case,  the  first 
few  days  of  the  disease,  when  the  blood-pressure  and  the  fever 
are  high.  Tliey  should  be  used  only  when  a  low  hlood-pressure 
and  other  symptoms  of  hypoadrenia  are  present.  The  results 
reported  by  Delille  strengthen  this  opinion.  In  advanced 
tuberculosis  no  beneficial  effect  was  observed. 


»*R6non  and  DeliUe:    BuUetin  de  th6rapeutlque,  Feb.  8,  1907. 
"■DeliUe:     ''L'UTPophyse  et  la  Medication  Hypophysaire/'  1900. 


Just  as  "liypoadronia"  has  seemed  to  me  to  replace  ad- 
vantageotislv  both  "adrenal  insufficiency"  and  "liypoadrcnaliBm," 
BO  does  "hyperadrenia"  appear  to  convey  a  more  esact  meaning 
of  eseeseive  adrenal  activity  than  'Tiyperad  renal  ism,"  which  sng- 
geste  the  presence  of  habitual  overactivity,  and  to  be  lees  cumber- 
Bome  than  the  phrase  "excesaiTC  secretory  activity"  and  others 
habitually  used. 

To  recall  briefly  the  effects  of  large  dosea  of  adrenal  extract, 
is  all  that  is  necessary  in  the  prpeent  connection.  Textbooks 
merely  refer  to  the  fact  that  it  causes  marked  stowing  of  the 
heart,  marked  constriction  of  the  blood-vessels,  and  a  decided 
rise  of  blood-pressure ;  but  we  would  not  proceed  far  with  these 
archaic  limitations  were  we  to  attempt  to  explain  with  them 
the  phenomena  included  under  hyperadrenia.  I  shall,  therefore, 
continue  to  have  the  interpretation  of  the  phenomena  witnessed 
upon  the  conception  of  adrenal  functions  I  have  advanced,  viz., 
that  tlie  adrenals  supply  a  secretion  which  becomes  converted  in 
tlie  lungB  into  the  oxygenizing  albuminous  constituent  of  the 
htemoglobin  molecule,  and  that  as  such  it  governs  metabolism 
and  nutrition,  the  action  on  the  heart  and  blood-vessels  being 
but  an  incidental  result  of  this  function.  We  have  seen  also 
that  the  adrenal  secretion  took  part  in  the  immunizing  processes 
of  the  body  at  large.  We  shall  now  find  that  these  functions 
account  for  those  of  hypoadrenia,  as  they  did  under  the  pre- 
ceding heading. 

Were  we  to  identify  a  "functional"  type,  as  I  did  in  the 
opposite  condition,  hypoadrenia,  we  should  find  it  necessary  to 
include  the  many  conditions  in  which  overactivity  of  the 
adrenals  takes  an  important  part.  When  we  recall,  however, 
that,  from  my  viewpoint,  these  organs  play  a  leading  role  in  all 
febrile  affections,  that  an  excess  of  adrenal  secretion  in  the 
blood  means  hyperoxidation  and  hyperactivity  of  all  organs,  aud 
that  as  a  result  we  may  have  glycosuria,  psychoses,  pulmonary 
oedema,  and  many  other  symptoms,  it  will  become  apparent  tiiat 
Do  such  a  "functional"  type  could  well  he  proposed  without 
endowing  the  adrenals  with  a  great  part  of  the  whole  field  of 
pathology.     It  was  deemed  far  preferable,  therefore,  "to  treat 
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known  diseases  in  the  usual  way  and  to  illustrate  the  role  played 
in  their  history  by  the  adrenals.  This  has  been  carried  out  in 
the  second  volume,  beginning  with  page  1389,  reserving  for  the 
present  chapter  what  disorders  could  strictly  be  associated  with 
the  adrenals  per  se  or  due  essentially  to  an  excess  of  adrenal 
tissue,  as  in  the  various  forms  of  hypernephroma. 

In  point  of  frequency,  subdivision  of  the  subject  is  not  diffi- 
cult to  establish,  the  first  condition,  treated  below,  being  one 
which  the  general  practitioner  is  liable  to  meet  at  any  moment 
and  continuously  in  the  course  of  his  everyday  work. 

ACUTE  HYPERADRENIA  AND  ADRENAL  HEMORRHAGE. 

By  the  term  "acute  hyperadrenia,"  I  mean  excessive  func- 
tional activity  of  the  adrenals  or  **hyperadrenalism,'^  brought  on 
by  the  presence  in  the  blood  of  the  system  at  large  of  any 
poison  capable  of  exciting  the  adrenal  center. 

We  have  seen  that  various  toxics,  pneumobacillus  cultures, 
diphtheria  and  other  toxins,  drugs,  vegetable  poisons,  etc., 
caused,  when  injected  experimentally,  congestion  of  the  adrenals, 
so  marked  in  some  instances  as  to  provoke  rupture  of  the  con- 
gested vessels,  or  necrosis  of  the  adrenal  cellular  elements  com- 
pressed by  them.  To  the  confirmatory  investigations  already 
mentioned  may  be  added  those  of  Bernard  and  Bigart,^^®  who 
studied  the  effects  of  arsenic,  mercury,  and  lead,  mainly  in 
respect  to  the  histological  changes  produced  in  the  cellular 
'elements  of  the  adrenals,  and  who  found  that  in  the  less  pro- 
found  intoxications  there  occur,  instead  of  destructive  lesions, 
the  histological  signs  of  funciional  hyperactivity.  My  own 
investigations  have  not  only  sustained  this  conclusion,  but  they 
have  served  to  explain  the  manner  in  which  this  functional 
hyperactivity  is  brought  about,  viz.,  by  excitation  of  the  adrenal 
center,  which,  as  already  stated,  I  traced  to  the  pituitary  body. 

As  previously  shown,  we  are  dealing  with  the  manifestation 
of  an  immunizing  function  in  which  the  adrenals  take  part. 
Important  to  recall  in  the  present  connection,  however,  is  that, 
when  the  intoxication  becomes  excessive,  it  may  entail  grave 
consequences.     The  intra-adrenal  vascular  channels,  abnormally 

*^^  Bernard  and  Blgart:    Jour,  de  physioI.  et  de  pathol.  gdnfirales,  No.  6,  p. 
1014,  1902. 
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engorged  through  the  marked  back  pressure  induced  by  the 
high  blood-pressure  caused  by  the  excess  of  adrenal  secretion, 
are  exposed  to  rupture.  This  hyperactivity  of  the  adrenals 
(acting  in  conjunction  with  the  thyroid)  constitutes  the  phe- 
nomenon, so  far  unexplained  by  pathologists,  of  fever,  while  the 
excessive  activity  which  exposes  the  adrenal  vessels  to  rupture 
coincides  with  that  of  hyperpyrexia  in  these  acute  infections. 
In  other  words,  the  hyperadrenia  which  occurs  in  the  course  of 
acute  febrile  infections  or  intoxications  is  the  expression  of  an 
imm^mizing  process,  but  this  assumes  dangerous  proportions 
and  involves  the  danger  of  fatal  adrenal  haemorrhage  when  ex- 
cessive, i,e.,  when  tlie  immunizing  process  exceeds  certain  limits. 

Acute  hyperadrenia,  therefore,  is  that  condition  of  the 
adrenals  which  precedes  adrenal  hemorrhage  in  any  febrile 
infection  or  intoxication,  and  the  danger-signal  of  which  is 
hyperpyrexia. 

This  does  not  mean  that  febrile  infections  and  intoxications 
alone  expose  the  adrenals  to  haemorrhage;  we  have  seen  that 
many  poisons  and  drugs  even  may  do  so  by  raising  or  depressing 
unduly  the  blood-pressure  through  a  direct  action  on  the  vaso- 
motor center.  This  process  has  been  reviewed  in  sufficient 
detail.  We  shall  now  deal  only  with  diseases  due  to  toxins  and 
endogenous  poisons,  toxic  wastes,  etc.,  that  are  capable  of  en- 
liancing  the  adrenal  functions  to  awaken  a  defensive  process  and, 
as  a  complication,  adrenal  haemorrhage,  and  treat  both  conditions 
jointly,  the  better  to  emphasize  their  close  clinical  relationship. 

Adrenal  haemorrhage  first  described  as  a  disease  by  Rayer^'^ 
early  last  centur}',  and  cases  of  which  have  been  reported  ])y 
Addison,  is  of  common  occurrence  pathologically.  Besides  tiie 
evidence  previously  submitted  illustrating  the  frequency  with 
which  this  morbid  process  is  observed  may  be  mentioned  the 
fact  that,  in  150  random  autopsies,  Loeper  and  Oppenheim-*** 
found,  aside  from  instances  of  simple  congestion,  which  were 
very  numerous,  5  true  haemorrhages  visible  to  the  naked  eye  and 
8  discernible  microscopically.  The  proportion  was  much  greater 
when  infectious  diseases  had  been  the  cause  of  death;  and  they 
hold  that  a  large  number  of  similar  lesions  are  masked  by 


»^  Rayer:    L'Exp^rienfe.  May  10  and  Nov.  10,  1837. 
■^Lgeper  and  Oppenhelm:   Loc,  cit.,  p.  722. 
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cadaveric  changes:  adrenal  congestion  and  necrosis  being  fre- 
quently present  together.  The  newborn  showed  a  special  pre- 
disposition to  this  complication,  the  proportion  of  250  autopsies 
being  45  per  cent.  That  we  are  dealing  with  a  frequent,  though 
generally  overlooked,  cause  of  death,  is  evident. 

While  disorders  of  respiration  predominate  as  cause  in  the 
newborn,  infections  do  so  in  children  and  adolescents.  Then 
come,  in  order,  and,  apparently,  as  the  most  frequent  causes  in 
adults:  pulmonary  disorders,  especially  tuberculosis  and  pneu- 
monia; nervous  diseases,  particularly  meningitis  and  epilepsy; 
chronic  renal  diseases,  arteriosclerosis,  cancer,  abscess,  bums,  and 
general  paralysis  of  the  insane.  Purpura  is  often  regarded  as  a 
cause,  but  this  should  be  considered,  from  my  viewpoint,  as  a 
precursor  or  danger-signal  of  adrenal  haemorrhage,  though  the 
purpuric  spots,  which  are  in  reality  cutaneous  haemorrhages, 
persist  after  the  adrenal  haemorrhage  has  occurred. 

From  the  facts  submitted  below,  I  would  define  adrenal 
haemorrhage  as  an  extravasation  of  hlood  into  one  or  both 
adrenals  due  to  rupture  of  some  of  their  blood-vessels  when,  as 
a  result  of  high  blood-pressure  throughout  the  body  from  any 
cause:  toxins,  toxic  wastes,  etc,  these  vessels  are  subjected  to 
centrifugal  pressure  exceeding  the  resistance  of  their  walls. 

Pathogenesis  and  Symptomatology. — Although  adrenal 
haemorrhage  is  due  to  the  rupture  of  the  vascular  elements 
when  the  congestion  of  hyperadrenia  exceeds  safe  limits  in  all 
cases,  the  pathogenesis  of  adrenal  haemorrhage  varies  consider- 
ably in  its  general  lines  according  to  the  age  at  which  it  occurs. 
This  applies  also,  to  a  limited  extent,  to  the  symptomatology. 
It  becomes  necessarv  therefore  to  divide  the  cases  into  three 
general  groups,  viz.:  (1)  the  newborn,  Le,,  during  the  first 
days  of  life;  (2)  children,  up  to  puberty,  and  (3)  adults,  i.e., 
beyond  puberty. 

Adrenal  Hcemorrhage  in  the  Newborn. — In  these,  adrenal 
haemorrhage  occurs  within  a  few  moments  or  days  after  birth. 
In  a  small  proportion  of  cases,  death  ensues,  without  premonitory 
symptoms,  shortly  after  birth.  Delay  or  injuries  in  the  course 
of  delivery  or  interference  therewith  by  malpositions,  or  any  of 
the  causes  which  are  apt  to  render  artificial  respiration  neces- 
sary, predispose  to  it.     In  another  class  of  cases  the  .infant, 
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hftving  shown  periia|>8  eome  slight  difficulty  in  breathing  or  a 
tendency  toward  cyanosis,  suddenly  ceases  to  nurse ;  reddish- 
purple  or  bright-red  spots  of  purpura  apptar  on  the  face,  neck, 
buttocks,  or  extremities;  a  convulsion  follows,  with  deatii  in  its 
wake.  Or  again,  patcliea  of  purpura  appear,  the  infant  rofuaea 
the  breast  and  becomes  somnolent,  then  euffers  from  colic, 
diarrhiea,  vomiting,  and  fever  and  becomes  rapidly  emaciated. 
Convulsions  usually  precede  death. 

All  Buch  cases  are  due,  from  my  viewpoint,  to  the  inade- 
quacy of  tlie  defensive  resources  of  the  infant,  i.e.,  its  inability 
to  counteract  an  endc^nous  toxicmia.  As  previously  stated  and 
OS  will  be  emphasi^tcd  later,  the  adrenal  system  (consisting  of 
the  adrenals,  thyroid,  and  pituitary,  and  to  which  I  attribote  a 
leading  role  in  all  immunizing  functions)  is  not  sufficiently 
developed  in  the  nursling  to  protect  it  ade<|uatelv  against  toxics 
of  various  kinds;  the  matemal  milk  provides  the  immunizing 
constituents  derived  from  her  own  adrenals  and  tlijToid  to 
compensate  for  this  function.  Jly  opinion  was  e.\i>eri  men  tally 
GU!itained  by  Fassin,  Stepanoff,  and  Marbe,*'"  and  also  by  Con- 
cetti"'' as  to  the  influence  of  the  thyroid  in  the  process,  while 
the  immunizing  property  of  maternal  milk  as  a  compensat- 
ing factor  for  the  defieiencv  of  the  suckling  ha.t  been  sustained 
by  Ehrlich  and  Brieger,  Abraham  Jacobi,  Welch,  and  others. 
Now,  at  birth,  any  condition  which  diminishes  materially  the 
immunizing  activity  of  the  maternal  milk,  or  which,  in  the 
nursling,  interferes  with  the  utilization  of  the  maternal  im- 
munizing bodies,  such  as  a  deficient  intake  of  oxygen,  asphyxia, 
hypocata holism,  etc.,  correspondingly  impairs  the  power  of  the 
infant  to  break  down  its  waste  products,  thus  allowing  these 
poisons  to  accumulate  in  the  blood.  Precisely  as  they  are  known 
to  do  in  epilepsy,  eclampsia,  and  other  convulsive  disorders,  these 
endogenous  intermediate  wastes  cause  a  violent  elevation  of  the 
blood- pressure, — sufficient  to  cause  rupture  of  the  delicate  but 
rich  vascular  network  of  the  adrenal  medulla,  localized  capillary 
hemorrhages  in  the  skin,  t.c,  the  purpura,  mel^na,  hsemoptysis, 
epistaxis,  and  other  forms  of  hsemorrhage  witnessed.  Vomiting 
and  diarrhiEa  occur  as  results  of  the  marked  congestion  in  the 


d  de  RolbBchlld:    PhfBlo-pBtlioloBle  du  corpi  tbjrolde,  ji 
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alimentary  canal,  while  convulsions  are  produced  by  a  corre- 
sponding hyperaeniia  of  the  cerebrospinal  axis. 

This  accounts  for  the  fact  that  these  cases  cannot  be  traced 
to  infection  or  ascribed  to  the  presence  of  any  pathogenic 
organism  (though  we  shall  see  presently  that  infection  often 
causes  adrenal  haemorrhage  in  older  children),  and  also  for  the 
frequency  of  adrenal  haemorrhage  the  first  few  days  after  birth, 
especially  where  there  is  any  indication  of  deficient  respiration, 
or,  as  in  the  cases  witnessed  by  Northrup,  an  incomplete  septum 
lucidum. 

The  cortex  is  sometimes  greatly  distended  by  the  haemor- 
rhage, and  the  friable  medulla  of  the  organ  completely  dis- 
organized and  replaced  by  a  blajck  blood-clot. 

Adrenal  Hcemorrhage  in  Children, — ^This  is  due  to  an 
entirely  different  class  of  causes,  though  the  morbid  effects  and 
the  symptomatology  are  very  similar.  Here  again  death  occurs 
sometimes  more  or  less  suddenly  in  the  course  of  the  causative 
disorder,  or,  in  fact,  sometimes  before  its  exact  nature  has  been 
determined,  though  in  most  cases  the  lethal  collapse  is  preceded 
by  purpuric  spots.  If  the  causative  disorder  be  an  exanthema, 
varicella,  for  example,  the  eruption  may  itself  show  a  change, 
each  patch  assuming  a  bluish  or  cyanotic  tinge,  soon  followed 
by  collapse.  In  most  cases,  however,  there  occurs  two,  three,  or 
more  of  the  following  symptoms :  vomiting,  fever,  marked  pros- 
tration, a  more  or  less  extensive  petechia  or  a  purplish  purpuric 
eruption,  dyspnoea  or  at  least  rapid  respiration,  diarrhoea  with 
perhaps  abdominal  pain  radiating  into  the  loins,  due  to  pres- 
sure of  the  dilated  adrenals  upon  the  adjoining  sympathetic 
plexuses,  and  convulsions,  cyanosis,  and  collapse — ^forming  an 
incomplete  and  variable  syndrome  which  is  characterized  by  a 
feature  common  to  all — its  rapid  termination  in  death,  i.e., 
within  a  period  varj'ing  from  a  few  to  forty-eight  hours. 

That  a  toxaemia  underlies  all  cases,  as  in  the  newborn,  is 
also  evident:  but  its  source  is  entirely  different.  Adrenal 
apoplexy  has  been  met  in  the  course  of  several  of  the  exanthe- 
mata, varicella,  variola  in  the  unvaccinated,  diphtheria,  and 
scarlatina  especially ;  during  convulsions  or  as  a  complication  of 
abscesses,  pyaemia,  septicaemia,  hydatid  cysts,  bronchopneumonia, 
ptomaine  poisoning,  or  after  extensive  burns  and  severe  injuries. 
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It  has  abo  been  attributed  to  the  staphylococcus  pyogenes  aureus 
and  albuB  (Biesman^  Dudgeon)^  the  streptococcus  (Drysdale)^ 
the  pneumocoocug  and  bacillus  coli  communis  (Kivi^re),  the 
meningococcus  (Candler)^  and  to  other  micro-organisms.  On 
the  whole^  it  may  be  due  to  many  morbid  conditions;  but  the  one 
striking  feEiture  of  all  these  causative  disorders  is  that  they  are 
all  of  such  a  nature  (febrile  diseases^  convulsions^  etc.)  as  to 
provoke  a  rise  of  blood-pressure.  Just  as  we  have  seen  the 
latter  to  be  the  cause  of  adrenal  haemorrhage  in  the  newborn^ 
so  is  it  in  children.  Dudgeon'*^  states  that  ^'any  disease  which 
IS  known  to  produce  stagnation  of  the  blood  in  the  veins  or  a 
marked  increase  of  the  blood-pressure  may  be  associated  with 
adrenal  haemorrhage'' ;  I  would  say  instead  that  such  a  condition 
of  the  circulation  tends  to  produce  the  latter  as  a  complication. 

Here  again  we  are  likely  to  find  one  or  both  glands  more 
or  less  filled  with  a  black  coagulum  with^  occasionally^  extrav- 
asation, or  here  and  there  haemorrhages  into  the  medulla  or 
under  the  cortex,  raising  the  corresponding  portion  of  the  latter. 

Adrenal  Hcgmorrhage  in  Adults. — ^Adrenal  haemorrhage  in 
adults  is  now  thought  to  be  rare,  but  this  is  probably  due  to  the 
fact  that  it  is  seldom  recognized.  Although  sudden  death  may 
occur  without  premonitory  symptoms  of  the  haemorrhage  in  the 
adrenals,  there  is  usually  more  or  less  sudden  pain — sometimes 
excruciating — in  the  abdomen,  radiating  toward  the  back,  under 
the  costal  margin ;  tympanites,  vomiting,  prostration,  great  weak- 
ness, copious  and  stubborn  diarrhoea.  Haemorrhagic  purpura 
and  cutaneous  haemorrhages  may  also  appear,  but  purpura  is 
much  less  common  than  in  children;  anaemia,  with  a  yellowish 
tinge  of  the  skin  ranging  from  sepia  or  light  brown  to  the 
bronzing  of  Addison's  disease  in  which  adrenal  apoplexy  is  not 
uncommonly  observed.  When  it  occurs  in  the  midst  of  a  con- 
vulsion, during  an  epileptic  fit,  for  example,  the  patient  may 
either  die  on  the  spot  or  show,  on  recovery,  unusual  asthenia, 
with,  perhaps,  uncontrollable  diarrhcea.  Gradually  the  pulse  and 
respiration  become  weak,  more  or  less  cyanosis  appears,  followed 
by  coma  and  death.  Unusual  physical  exertion  has  also  been 
known  to  cause  adrenal  apoplexy  and  sudden  death.     Acute 
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nephritis  is  an  occasional  cause,  death  occurring  suddenly  with, 
perhaps,  symptoms  of  pulmonary  oedema. 

The  prevailing  feature  of  adrenal  hasmorrhage  in  adults  is 
the  presence  of  lesions  in  the  adrenals  themselves  which  cause 
these  organs  to  yield  with  abnormal  facility  when  a  general  rise 
of  blood-pressure  is  brought  on  by  any  one  of  many  causes.  In 
adrenal  apoplexy  occurring  in  the  course  of  Addison^s  disease, 
for  example,  tlie  tissue-wastes  which  accumulate  in  the  blood  as 
a  result  of  the  diminished  antitoxic  power  of  the  diseased 
adrenals  excite,  we  have  seen,  the  vasomotor  center,  and  increase 
in  proportion  the  vascular  tension  and  blood-pressure.  In  the 
couijpe  of  an  epileptic  fit  the  same  exciting  cause  prevails,  since, 
as  is  well  known,  the  vascular  tension  is  always  marked.  Over- 
exertion may  produce  adrenal  haemorrhage  through  the  same 
mechanism,  owing  to  the  accumulation  in  the  blood  of  an  excess 
of  tissue-wastes.  Acute  nephritis  also  produces  it  by  raising 
the  vascular  tension;  in  a  case  of  this  kind  reported  by 
Loederich^^^  this  feature  of  the  case  is  specifically  noted.  The 
production  of  adrenal  apoplexy  in  Addison's  disease  by  injec- 
tions of  adrenalin  has  also  been  reported  in  2  cases  (Boinet) 
— owing  obviously  to  the  rise  of  blood-pressure  which  this  agent 
produces.  Common  to  adults  also  is  the  form  due  to  arterio- 
sclerosis, the  adrenal  intrinsic  arteries  yielding  here,  as  they  do 
in  the  brain,  owing  to  atheromatous  degeneration,  when  from 
any  cause  the  blood-pressure  exceeds  certain  limits. 

On  the  whole,  it  is  apparent  that  adrenal  haemorrhage 
presents  many  features  in  common  with  cerebral  haemorrhage  in 
which  the  gradually  weakened  vessel,  particularly  where,  in  the 
case  of  adults,  arteriosclerosis  prevails,  can  no  longer  sustain 
anything  beyond  tlie  minimum  blood-pressure. 

Many  auxiliary  factors  tend  greatly,  however,  to  impair  the 
resistance  of  the  adrenal  vessels  and  tissues.  As  shown  by 
Claude  Bernard,  hyperaemia  is  a  cardinal  feature  of  function. 
The  adrenal  vessels  are  already  congested  and  under  stress,  there- 
fore, when  they  are  submitted  to  the  excessive  centrifugal 
tension  which  a  marked  rise  of  blood-pressure  entails.  Again, 
in  the  light  of  modem  researches,  and  as  will  be  demonstrated 
later  in  this  work,  the  blood  contains,  during  the  febrile  stage 

"*Loederlch:    Le  Bulletin  Medical.  July  8.  1908. 
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of  infections  and  intoxications^  bactericidal  and  antitoxic  bodies 
to  which  autolysis,  under  certain  conditions,  is  ascribed.  That 
the  rich  vascular  elements  o£  the  adrenals  and  even  the  delicate 
adrenal  medulla  are  probably  subjected  to  such  a  process  and 
thus  rendered  more  vulnerable,  in  the  course  of  acute  febrile 
infections,  is  suggested  by  the  areas  of  necrosis  in  these  struc- 
tures which  many  autopsies  reveal.  I  must  state^  however,  that 
I  am  ilot  inclined  to  accept  the  conclusion  that  these  necrotic 
areas  are  due  to  post-mortem  changes,  and  that  I  regard  them 
as  due  more  to  a  process  of  autodigestion  similar  to  that  known 
to  exist  in  the  gastric  mucosa.  This  subject  cannot,  however, 
be  considered  here. 

.  Diagnosis. — ^The  most  important  feature  in  this  connection 
is  to  differentiate  clearly  the  prehaemorrhagic  from  the  post^ 
haemorrhagic  phenomena.  Careful  attention  in  this  particular 
makes  it  possible  to  save  life,  since  the  prehasmorrhagic  symp- 
toms include  several  which  may  be  regarded  as  danger-signals 
to  the  effect  that  the  blood-pressure  is  dangerously  high,  and  that 
the  adrenals  are  threatened. 

In  the  infant,  imperfect  respiration  following  delayed  de- 
livery, purpura  with  or  without  fever  points  clearly  to  impend- 
ing hrsmorrhage :  The  course  of  events  then,  if  no  prophylactic 
measures  are  taken,  will  be  the  appearance  in  a  few  hours  of  the 
posthaemorrhagic  state:  abdominal  pain,  diarrhcea,  vomiting, 
soon  followed  by  a  gradual  decline  of  the  temperature,  coldness 
of  the  extremities  with  convulsions  or  cardiac  collapse  as 
terminal  phenomena. 

In  the  child,  the  presence  of  fever  and  hip:h  blood-pressure 
in  the  course  of  any  infection  entail  the  possibility  of  adrenal 
haemorrhage,  especially  when  any  eruption  that  may  be  present 
tends  to  spread,  or  where  purpuric  spots  are  present.  Here  again, 
if  not  avoided  by  a})propriate  treatment,  the  postha*morrliagic 
phenomena  appear,  likewise  ending  in  death  in  a  few  hours. 

In  the  adult,  the  great  variety  of  disorders  wliich,  besides 
the  acute  infections,  adrenal  haemorrhage  may  suddenly  com- 
plicate would  seem  to  preclude  the  possibility  of  preventive 
measures,  but  if  it  is  remembered  that  the  adrenals  are  exposed 
to  haemorrhage  whenrver  the  hlood-prcssure  is  high  from  any 
cause,  as  suggested  by  venous  engorgement,  venous  pulse,  facial 
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congestion,  and  a  hard  pulse,  with  the  sphygmomanometer  as 
control,  the  danger  can  as  readily  be  forestalled  as  in  the  young. 
We  must  also,  in  the  adult,  take  into  account  the  possibility  of 
adrenal  hemorrhage  in  all  asthenic  diseases  of  the  adrenals 
themselves,  particularly  the  tubercular  lesions  of  Addison's  dis- 
ease in  which  death  frequently  occurs  suddenly.  In  all  of  these, 
the  symptoms  of  hj'poadrenia  are  present,  particularly  muscular 
asthenia,  emaciation,  hypothermia,  hypotonia  .or  low  blood- 
pressure,  and  feeble  pulse. 

The  onset  of  adrenal  haemorrhage  in  adults  is  characteristic 
in  its  abruptness,  the  severity  of  the  abdominal  pain,  and  the 
rapidity  with  which  it  is  followed  by  general  collapse.  The 
incoercible  vomiting  and  diarrhoea  (either  one  or  both),  the 
hypothermia,  the  cold  sweats,  the  feeble  pulse  and  heart  action, 
the  coma  or  convulsions  with  sudden  death  in  their  trail  are 
unmistakable  signs  of  sudden  arrest  of  the  adrenal  functions. 

The  absence  of  all  reference  to  adrenal  haemorrhage  in  text- 
books has  caused  it  to  be  mistaken  for  arsenic  poisoning  and 
other  intoxications,  cholera  morbus,  appendicitis,  cerebral  apo- 
plexy, and  other  acute  disorders. 

Peognosis. — As  will  be  shown  presently,  adrenal  haemor- 
rhage may  be  followed  by  the  development  of  haematomata  in 
the  adrenals  proper,  proof  evident  that  not  all  cases  are  neces- 
sarily fatal,  particularly  small  haemorrhages  located  in  the  depths 
of  the  organ.  It  is  probable,  therefore,  that  when  the  likelihood 
of  this  complication  will  be  borne  in  mind  by  the  practitioner 
when  treating  any  one  of  its  many  causes,  and  its  main  cause, 
excessive  vascular  tension,  generally  recognized  and  counter- 
acted, its  present  high  mortality  will  be  greatly  reduced. 

Treatment. — The  multiplicity  of  pathogenic  factors  and 
of  symptoms,  sufficient  to  have  suggested  many  clinical  types  to 
various  authors,  has,  so  far,  prevented  the  elaboration  of  any 
treatment  calculated  to  prevent  or  arrest  adrenal  haemorrhage 
and  its  rapidly  fatal  course.  With  excessive  blood-pressure  as 
the  direct  cause  of  the  disruptive  congestion  of  the  adrenal 
vessels,  however,  a  general  line  of  treatment  calculated  to  relieve 
it  obviously  imposes  itself. 

In  a  threatened  case,  antipyrin  or  other  coal-tar  products 
suggest  tliemselves;  but  their  use  cannot  but  prove  pernicious. 
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owing  to  fhe  primary  action  on  the  vasomotor  center.  By  excit- 
ing this  center  and  raising  the  blood-pressure  they  increase  the 
likelihood  of  adrenal  haemorrhage,  a  fact  which  probably  ac- 
counts for  the  many  instances  of  fatal  collapse  observed  under 
their  use  in  acute  febrile  diseases.  The  physiological  saline 
solution  offers,  on  the  other  hand,  all  desirable  qualities.  It 
does  not,  as  argued  theoretically  by  some  authors,  increase  the 
vascular  tension,  even  if  injected  intravenously ;  as  shown  by  the 
experiments  of  Sollmann,^^^  Briggs,^^*  and  others,  any  excess 
of  fluid  leaves  the  vessels  at  once.  By  reducing  the  viscidity  of 
the  blood,  saline  solution  tends  to  relax  the  blood-vessels;  by 
increasing  its  osmotic  properties,  it  facilitates  greatly  the  pene- 
tration of  the  plasma  into  the  lymphatic  channels,  thus  further 
reducing  tlie  vascular  tension.  The  bactericidal  and  antitoxic 
properties  of  the  blood  are  not  reduced  in  the  least  by  this 
procedure;  there  is  considerable  evidence  available  to  show,  in 
fact,  that  they  are  enhanced  (see  p.  1367).  Saline  solution, 
therefore,  should  be  used  intravenously  in  emergency  cases; 
subcutaneously  in  threatening  cases,  and  per  rectum  in  all  cases 
in  which  there  is  any  likelihood  whatever  that  adrenal  haemor- 
rhage might  occur.  If  employed  from  the  onset  of  all  infections, 
as  I  suggested  in  1903,  the  blood-pressure  would  probably  never- 
be  raised  sufficiently  to  endanger  the  adrenals. 

As  to  drugs,  we  have  several  at  our  disposal  which  lower 
the  blood-pressure.  In  emergency  capes,  nitrite  of  amyl  by 
inhalation,  with  nitroglycerin  (or  in  children  the  sweet  spirit  of 
niter)  to  sustain  the  efTect,  appears  indicated.  Chloral  hydrate 
has  been  used  advantageously  by  J.  C.  Wilson  in  certain  exan- 
themata, to  subdue  the  cutaneous  discomfort  and  as  a  sedative; 
as  it  is  also  a  vasomot>or  depressor,  it  might  also  serve  advanta- 
geously in  all  but  infants  in  whom  the  respiratory  mechanism  is 
defective.  Veratrum  viride  suggests  itself  as  another  useful 
agent  of  this  class.  Of  all  measures,  however,  the  saline  solution 
is  much  to  be  preferred. 

When  the  haemorrhage  has  occurred,  the  lethal  phenomena 
are  of  such  short  duration  in  most  cases  as  to  have  suggested,  we 
have  seen,  the  term  "adrenal  apoplexy."     In  a  fair  proportion 


*»Sollmann;    Archiv  f.  exp.  Path.  u.  Pharm.,  Bd.  xlvl,  S.  1,  IdOL 
»*  Briggs:    Johns  Hopkins  Hosp.  BuU.,  Feb.,  1903. 


T '.•*  T/^nrni**?!:;  -.f  -hiA  .*nini:t4nn  :a  ^:har  imlicaied  in  tiie  emer- 
j*ni'"7  \iiw«  -.^  vm.nal  hypnmt r^ai-a  i«e  pftee  113),  If  the 
.i^mi-irrha^Tft  m»  ^i^t  it*!*^  :»»  -ixrtyiaT*  the  chances  of  reeoverv 
Tr  ■ !  i#*  iTPaciv  int'.r?aiie«i  hj  ±e  uae  of  adrenal  or  pituitarv 
nr^namr.ntm,  "he  :arrf»r  awinff  its  prnpertiea,  in  mj  opinion,  to 
ruie  Jtiraui  -luiraixuiifin  »ih«unce  die  pitnitarT  contains. 

JLDK23rjLL    fiJEaCAXOBCJL 
( J^iM^  Smntnrrktvjic  Futudoqfst^) 

Atirooal  hsBnasima^  which  nsnallT  derelope  in  but  one 
aiimial^  oocnra  a»  a  cnmpticatiim  of  che  comiition  just  reriewed. 
Ic  beenmai  a  Marne  *)€  fatal  aiirmal  haemorrhage  when  the  cyst 
breftJu  and  onpdes  its  contents  into  the  abdominal  caTitj.  It 
iniiii^atea  that  the  form  preTioTi:»[j  described  ia  not  always  fatal, 
bnt  aLao  that  the  lesions  left  behind  may  serre  as  the  initial 
lesion  of  another  grave  dL^rder.  E^^pecially  does  this  apply 
when  bat  one  adrenal  is  the  seat  of  haemorrhage.  Its  original 
canses,  when  these  are  traceable,  are  the  same  as  those  of  the 
acute  form:  acute  intoxications,  especially  diphtheria,  typhoid 
ferer,  bams,  osteomyelitis,  hepatic  abscess  and  tuberculosis, 
atheroma  of  the  adrenal  arteries,  thrombosis  of  the  adrenal  veins, 
traamatbms,  etc. 

Pathogexesis  A3n>  Sthptomatoloot. — ^While  older  in- 
veftigators,  including  Klebsy  Virchow,  and  Heoschen,  considered 
thef^  growtlis  as  retention  cysts  similar  to  those  formed  in  the 
thyroid,  and  thus  termed  them  'Stroma  adrenalin,''  the  prevail- 
ing view  at  the  present  time  is  that  a  small  hiematoma  or  an 
acute  congestive  process  initiates  the  growth*  As  the  latter 
incrfa>o«  in  size,  the  adrenal  structure  is  gradually  destroyed 
and  tlie  contents  is  no  longer — unless  a  recent  haemorrhage  has 
(XYiirrc*! — niero'.y  blood,  but  a  more  or  less  fluid  magma  of 
<]»  trims.  l»n»ktn-down  blood-  and  tissue-  cells,  flakes  of  fibrin, 
iV.olv storin  cnstals,  ctc.^  which  may  be  dirty  yellow,  greenish,  or 
br«>\vni>h  in  color.  Microscopically  the  walls  of  the  cyst,  which 
Vim-  fn^m  ^{^  to  ^^  ^^^^  ^n  thickness,  are  composed  of  fibrous 
tissiio :  xho  inner  aspect  shows  shreds  or  remnants  of  the  adrenal 
cortex.     Certain  tliickened  portions  of  the  capsule  and  what 
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semiorganized  clots  the  cyst  may  contain  may  be  found  to  con- 
tain small  cysts  and  chalky  deposits.  These  growths  sometimes 
become  very  Im'ge — as  large  as  an  adult  head  in  a  case  of 
Chiari's — ^and  contain  several  pints  of  blood  or  liquefied  blood 
and  tissue  elements. 

The  symptomatology  of  adrenal  haematoma  introduces  but 
little,  if  anything,  of  the  symptom-complex  of  adrenal  insuffi- 
ciency (hypoadrenia)  or  overactivity  (hyperadrenia),  since  the 
functions  of  the  organs  are  not  affected  materially — otherwise 
than  by  pressure  in  some  instances — owing  to  the  ample  margin 
(eleven  times  the  actual  needs  of  adrenal  tissue)  left  undis- 
turbed. Adrenal  haematoma  may,  in  fact,  give  rise  to  no  symp- 
tom other  perhaps  than  a  sensation  of  weight,  until  quite  large, 
when  pain  supervenes.  This  is  at  first  indefinite,  though  most 
marked  in  the  region  of  the  tumor,  in  the  right  or  left  loin,  or 
in  the  upper  portion  of  the  abdomen  and  loin.  The  neuralgia- 
like pain  due  to  pressure  upon  the  adjoining  sympathetic  plexuses 
becomes  increasingly  severe,  and  radiates  in  various  directions, 
especially  toward  the  hip  and  thigh  of  the  corresponding  side, 
and  is  subject  to  exacerbations,  which  may  be  very  severe, 
especially  after  meals.  Epigastric  pain  and  vomiting  (the  latter 
of  which  affords  relief)  occur  in.  some  cases,  especially  during 
these  exacerbations  of  suffering. 

The  tumor  may  manifest  itself,  at  first,  merely  by  enlarge- 
ment of  the  abdomen.  The  bulging  then  becomes  more  clearly 
defined  on  one  side  or  the  other  (this  variety  of  growth  being 
almost  invariably  unilateral)  under  the  lower  ribs,  which  may 
be  pushed  outward  if  the  growth  is  sufficiently  large,  or  below 
their  free  border,  i,e,,  between  them  and  tlie  superior  spine  of 
the  ilium.  If  the  tumor,  which  grows  downward  and  forward, 
is  sufficiently  below  the  ribs  to  be  palpated,  it  is  usually  found 
globular,  or  oval,  smooth  and  tense,  though  elastic,  to  the  touch. 
Fluctuation  may  also  be  elicited.  In  some  cases  it  is  immovable 
under  palpation,  though  it  may,  at  first,  follow  the  respiratory 
movements.  Xor  can  it  be  grasped  as  is  sometimes  possible  in 
renal  tumors;  if  small  the  tumor  is  movable  either  upward  or 
downward,  but  this  mobility  gradually  decreases  as  the  tumor 
develops.    The  growth  is  sometimes  sensitive  under  pressure. 

At  first,  several  years  perhaps,  the  patient  may  appear 
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normal  in  every  other  respect,  be  well  nourished,  ruddy,  etc. 
With  comparative  suddenness,  however,  he  begins  to  fail,  losing 
flesh  rapidly,  all  the  other  symptoms  mentioned,  to  which 
dyspnoea  and  a  sense  of  constriction  about  the  chest  is  added, 
becoming  more  severe.  If  the  cyst  does  not  rupture,  polyuria, 
haBmaturia,  and  even  slight  bronzing  may  appear.  It  is  probable, 
however,  that  this  train  of  phenomena  is  witnessed  only  in  a  very 
small  proportion  of  cases,  rupture  and  haemorrhage,  constituting 
the  "adrenal  haemorrhage*'  in  adults  treated  under  tlie  preceding 
heading,  being  the  outcome  in  practically  every  instance.  Here, 
however,  the  rupture  is  external,  giving  rise  to  peritoneal  mani- 
festations— ^if  these  have  sufficient  time  to  develop  at  all. 

Diagnosis. — ^The  symptomatology  of  adrenal  cyst  apart 
from  the  location  of  the  tumor  does  not  present,  as  just  shown, 
very  characteristic  features.  The  location  of  the  pain  sometimes 
suggests  intercostal  neuralgia;  but,  inasmuch  as  pain  occurs 
only  when  tlie  growth  is  large,  percussion  and  palpation  will 
reveal  the  presence  of  a  tumor.  In  neuralgia  the  pain  is  also 
apt  to  be  localized,  thus  distinguishing  it  from  the  radiating 
pain  of  adrenal  cyst.  The  sudden  onset  of  severe  pain  may  be 
taken  for  acute  pancreatitis.  The  location  of  pain  and  tender- 
ness in  the  upper  left  abdominal  quadrant,  the  subnormal 
temperature,  and  the  early  lethal  trend — death  occurring  some- 
times within  three  days — clearly  point  to  the  latter  disease. 
Pancreatic  cyst  is  also  differentiated  by  its  location  and  its  asso- 
ciation with  glycosuria,  stearrhoea,  and  imperfect  digestion  of 
fats  and  albuminoids.  Hydatid  cyst  of  the  liver,  another  source 
of  confusion,  is  attended  by  the  presence  of  biliary  pigments  in 
the  urine,  the  appearance  of  cysts  in  the  stools  and  vomited 
matter,  and  with  obstruction  phenomena.  Cancer  of  the  spleen 
may  be  recognized  by  the  more  nodular  outline  of  the  growth 
and  the  cachectic  phenomena.  Hydatid  cyst  of  the  spleen  is 
usually  associated  with  hydatid  cysts  elsewhere  and  may  be  ac- 
companied by  the  presence  of  booklets  in  the  excretions.  Punc- 
ture of  the  growth  should  be  carefully  avoided  when  there  is 
any  suspicion  whatever  that  an  adrenal  blood-cyst  is  present. 
Renal  cysts  are  more  easily  palpated  bimanually,  and  are  usually 
freely  movable. 

The  sudden  appearance  of  symptoms  of  severe  internal 
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haemorrhage  (the  adrenal  haemorrhagic  cyst  having  ruptured 
into  the  peritoneal  cavity  or  the  subperitoneal  cellular  tissue), 
i.e.,  the  acute  abdominal  pain  and  other  phenomena  of  collapse, 
etc.,  of  adrenal  haBmorrhage  with  death  within  a  few  hours 
or  days,  may  first  reveal  the  existence  of  adrenal  hsematoma ;  but 
in  most  cases  it  develops  sufficiently  to  produce  the  pressure 
symptoms  just  described. 

Prognosis. — The  fact  that  adrenal  haemorrhage  is  prac- 
tically always  unilateral,  and  that  the  loss  of  one  adrenal  does 
not  compromise  life,  as  does  removal  of  both  organs,  makes  it 
possible  to  remove  the  growth  with  safety.  The  frequent 
instances  of  severe  collapse  and  shock  that  have  followed  these 
operations  suggest  that  the  operative  prognosis  cannot  but  be 
improved  by  resorting  to  those  surgical  procedures  which  will 
entail  the  least  possible  handling  of  the  intraperitoneal  organs 
and  of  the  sympathetic  ganglia,  all  of  which  are  well  known  to 
produce  shock  readily  by  reflex  action. 

Treatment. — ^The  cyst  may  be  removed  through  either  an 
abdominal  or  lumbar  incision.  In  accord  with  M'Cosh's  advice, 
which  a  review  of  the  operative  results  recorded  fully  sustains, 
preference  should  be  given  to  the  lumbar  incision.  The  ap- 
proach is  more  direct;  it  avoids  the  handling  of  the  intraperi- 
toneal organs,  which  must  necessarily  take  place  if  the  tumor 
be  reached  through  the  abdominal  incision,  and  it  affords  tlie 
most  direct  route  for  drainage.  In  the  average  case,  an  oblique 
incision  from  behind  downward  and  forward  below  the  last  rib, 
which  has  been  found  most  convenient  for  extirpation  of  the 
kidney  and  ureter,  is  as  applicable  here.  If  much  space  is 
needed  it  is  safer  to  remove  the  last  rib  than,  as  some  European 
surgeons  have  advised,  to  resort  to  the  abdominal  incision,  which^ 
as  previously  stated,  entails  considerable  shock.  The  tumor  is 
sometimes  found  so  firmly  adherent  to  the  kidney  that  removal 
of  this  organ  becomes  necessary. 

HYPERNEPHROMA. 

This  name  has  been  given  to  tumors  formerly  considered 
as  lipomata,  adenomata,  or  myxomata,  but  shown  by  Grawitz,  in 
1883,  to  be  developed  from  adrenal  tissue,  either  within  the 
adrenals  themselves  or  in  the  ki<lnevs,  the  walls  of  blood-vessels, 
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or  other  structures  in  which  "adrenal  rests"  (fragments  of  mis- 
placed adrenal  tissue)  or  "aberrant  adrenals"  occur. 

From  my  viewpoint,  these  so-called  "adrenal  rests" — found 
in  90  per  cent,  of  all  autopsies  by  Bayard  Holmes,  at  least  once 
a  week  by  Grawitz  in  his  autopsies,  etc, — are  not  misplaced 
fragments  of  adrenal  tissue;  they  belong  normally  to  the  kidney 
and  many  other  organs,  even  though  composed  usually  of  cor- 
tical adrenal  tissue.  I  have  submitted  the  view'**  that  what  has 
been  termed  the  internal  secretion  of  the  kidney  is  a  product 
wliich  differs  in  no  way  from  that  of  the  adrenals,  and*'*  that 
the  kidney  and  the  adrenals  were  governed  by  the  same  nervous 
structures,  being  thus  closely  linked  functionally.  Under  the 
influence  of  centric  impulses  the  so-called  adrenal  rests  and  the 
adrenals  are  both  caused  to  increase  their  secretory  activity  and 
to  enhance  the  intrinsic  metabolism  of  the  tissues  they  supply. 
In  some  instances  "adrenal  rests"  are  composed  of  both  cortical 
substance  and  chromaffin  substance  found  in  all  sympathetic 
structures  by  Kohn,  Wiesel,'*^  and  others. 

Hypernephromas  are  relatively  common  in  the  kidney,  con- 
stituting, as  shown  by  Albarran  and  Joubert,  17  per  cent,  of  all 
renal  tumors;  they  are  much  less  frequently  found  in  the 
adrenals  proper  or  in  other  organs,  such  as  the  uterus,  ovary, 
the  broad  ligament,  etc.  Microscopically,  they  present  the  typi- 
cal characters  of  the  adrenal  cortex  and  closely,  as  a  rule,  invest 
vascular  channels.  These  vessels  and  adjacent  tissues  usually 
contain  a  colloid  material  similar  to  that  found  in  the  thyroid, 
or  secreted  by  the  adrenals.  They  are  benign  at  first  and 
become  troublesome — sometimes  after  many  years — ^mainly  on 
account  of  their  size,  which  sometimes  reaches  that  of  a  child's 
head,  but  the  pressure  they  exert  on  surrounding  structures, 
their  tendency,  even  when  benign,  to  metastasize  in  the  lungs,' 
bones,  brain,  give  them  their  malignancy. 

Pathogenesis  and  Symptomatology. — ^Before  the  local 
symptoms  of  the  tumor  appear — ^when  any  are  clearly  discerni- 
ble— hypernephroma  evokes  phenomena  which  are  diametrically 
opposed  to  those  of  Addison's  disease,  and  which  correspond 


**  Sajous:    Monthly  Cyclopaedia,  June  and  July,  1909. 

"•  See  p.  467,  this  volume. 

*>'Wiesel:    International  Clinics,  vol.   il.  15th  serlei.  1906. 
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with  increased  nutrition  and  stimulation  of  growth  such  as  that 
produced  by  thyroid  preparations  in  cretinism. 

The  symptomatology  varies  considerably  in  different  cases 
and  suggests  that  several  types  exist  which  our  present  knowl- 
edge does  not  enable  us  to  discriminate.  Some  of  these  exhibit 
such  malignancy  that  they  have  been  grouped  in  a  separate 
class.  Beginning  with  hypernephromas  of  the  adrenals  proper, 
we  may  have : — 

Malignant  Hypernephroma  of  the  AdrenaHs. — ^This  growth 
occurs  as  a  rule  between  the  first  and  eighth  year,  especially  in 
girls  of  the  latter  age,  and  causes  premature  development,  so 
marked  in  some  instances  that  the  child  appears,  as  to  size  and 
development,  twice  or  three  times  its  true  age.  Owen  Richards**® 
reported  a  case  in  a  girl  of  7  years,  who  was  as  tall  as  a  person 
at  20.  The  face,  genitalia  and  pubis,  and  sometimes  the  whole 
body  are  covered  with  an  abundant  growth  of  hair,  the  external 
genitalia  being  as  fully  developed  as  in  the  adult.  The  body  is 
obese,  the  appetite  and  thirst  excessive  although  gastric  disorders, 
including  stubborn  vomiting,  are  common.  The  skin  may  be 
swarthy  or  dark-hued  as  in  a  brunette,  or  coppery.  The  voice 
is  sometimes  harsh  and  deep.  Such  children  are  usually  cross 
and  sullen,  unlike  obese  children  in  whom  the  obesity  is  due 
to  deficient  fat  catabolism.  These  primary  growths  of  the 
adrenals,  which  are  usually  observed  in  girls,  are  of  slow  develop- 
ment, and  years  usually  elapse  before  metastasis  and  pressure 
phenomena — those-  which  give  the  growth  its  malignancy — 
appear. 

The  abnormal  growth  of  the  child  may  suggest  gigantism 
or  acromegaly  due  to  some  disorder  of  the  pituitary  body,  but 
tlie  characteristic  growth  of  the  extremities,  the  absence  of 
obesity  in  these  disorders  do  not  occur  in  hypernephroma. 

To  explain  the  abnormal  growth,  we  need  not  go  beyond 
my  own  view  that  the  adrenal  secretion  underlying  general 
oxidation,  metabolism  and  nutrition,  excessive  functional  activ- 
ity of  the  adrenals  engenders  excessive  nutrition  and  overgrowth. 
But  how  account  for  the  malignancy  of  this  form  of  growth? 
To  answer  this  would  bring  us  within  the   domain   of  pure 


Richards:    Quy's  Hospital  Reports,  vol.  lix,  pp.  207-332. 
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speculation.     It  is  preferable  to  limit  ourselves  to  clinical  facts, 
pending  future  developments. 

Infants  and  young  children  are  also  subject  to  a  form  of 
primary  malignant  tumor  of  the  adrenals,  described  by  Hutchi- 
son, in  which,  even  before  the  neoplasm,  which  grows  with  great 
rapidity,  can  be  felt  in  the  renal  region,  there  appears  a  sponta- 
neous— sometimes  traumatic — ecchymosis  of  one  or  both  eyelids, 
soon  followed  by  (usually  unilateral)  exophthalmos  and  metas- 
tasis in  the  skull,  and  often  in  other  bones,  especially  the  ribs. 
The  preauricular  Ivmph-nodes  and  those  behind  the  angle  of 
the  jaw  are  enlarged,  and  the  whole  temporal  region  eventually 
becomes  the  seat  of  a  malignant  growth.  Pain  in  this  location 
and  optic  neuritis  with  amblyopia  may  complicate  the  case. 
Death  occurs  early  from  anaemia  and  cachexia.  Of  the  14 
examples  reported,  13  were  due  to  sarcoma  or  lymphosarcoma 
of  the  adrenals. 

Diagnosis. — ^I'umor  of  the  orbit  in  infants  and  young  chil- 
dren should,  as  emphasized  by  Tileston  and  Wolbach,^^'*  arouse 
the  suspicion  of  metastases  from  an  adrenal  growth.  If  an 
abdominal  tumor  be  found  it  is  almost  certainly  of  adrenal^ 
origin,  and  tliis  would  be  still  further  corroborated  by  enlarge- 
ment of  the  preauricular  glands,  which  renders  the  diagnosis  of 
sarcoma  of  the  orbit  unlikely.  Chloroma  presents  almost  identi- 
cal growths,  being  associated  with  tumors  of  the  orbit  in  two- 
thirds  of  the  cases,  with  exophthalmos  usually  as  the  first  symp- 
tom, but  tliis  may  be  excluded  in  the  absence  of  leukaemic  changes 
in  tlie  l)lood.  Myeloma  may  cause  bony  growths  about  the  skull, 
but  is  exceedingly  rare  in  childhood;  the  presence  of  the  Bence- 
Jones  body  in  the  urine  would  render  the  diagnosis  of  myeloma 
certain,  while  its  absence  is  not  conclusive.  Abdominal  tumor 
associated  with  precocious  maturity  is  practically  certain  to  be  of 
adrenal  origin,  if  tumors  of  the  ovaries  or  a  retained  testis  can 
be  excluded.  Garrow  and  Kennan*^**  observed  a  case  in  which 
there  was  a  solitary  metastasis  in  the  spinal  cord. 

IlypernepJiroma  of  the  Kidney. — It  is  to  renal  growths 
developed  from  the  so-called  ^'adrenal  rests''  in  the  kidney,  that 
Orawitz,  in  1883,  gave  the  name  ^hypernephroma."  They  occur 
more  frequently  in  the  kidneys  than  elsewhere  in  the  body,  and 

«•  Tileston  and  Wolbach:    Amer.  Jour.  Med.  Scl.,  June,  1908. 
2»«  Garrow  and  Kennan:    Med.  Record,  Jan.  17,  1912. 
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considtnte  a  large  proportion  of  all  renal  tumors^  i.e.,  17  per 
cent 

Haematnria  is  often  the  first  and  the  most  frequently 
observed  symptom  of  renal  hypernephroma,  having  been  noted 
in  90  per  cent,  of  all  cases.  The  haemorrhages  are  usually  severe 
and  occur  intermittently,  weeks  and  even  months  elapsing  be- 
tween them.  Worm-like  clots — ^thus  shaped  during  their  passage 
through  the  ureters — are  often  passed.  During  the  intervals  the 
urine  is  either  clear  or  it  may  contain  red  corpuscles.  The 
haematuria  is  increased  by  exercise  and  by  manipulation  of  the 
region  overlying  the  growths  if  the  latter  is  sufficiently  large 
to  be  felt  It  may  be  the  only  symptom  of  the  growth  or 
precede  the  detection  of  the  latter  by  palpation  as  much  as  ten 
years.  As  a  rule,  however,  the  tumor  (which  occurs  in  80  per 
cent,  of  all  cases)  is  sufficiently  large  to  be  detected  much  earlier, 
and  sometimes  immediately  after  an  attack  of  haematuria.  It  is 
located  in  the  loin,  often  on  the  right  side  and  two  or  three 
finger-breadths  below  the  costal  margin.  It  is  at  first  small — 
about  half  the  size  of  a  walnut — and  is  movable  in  about  one- 
half  of  the  cases.  As  a  rule,  palpation  causes  no  pain  at  first, 
though  it  may  prove  tender  when  directly  pressed  upon. 

Dull  pain  in  the  lumbar  region  suggesting  lumbago  may 
be  the  initial  symptom.  This  pain  gradually  increases  and,  after 
being  centered  in  the  region  of  the  growth,  with  a  sensation  of 
weight,  increasingly  radiates  in  various  directions,  the  back,  tlie 
abdomen,  and  the  testicles.  It  may  come  on  suddenly  and  last 
three  or  four  hours,  then  be  followed  by  haematuria  and  frequent 
urination  followed  by  a  period  of  rest  during  which  the  urine 
is  slightly  albuminous.  The  urine  sometimes  contains  a  few 
casts,  oxalate  of  lime,  and  a  few  corpuscles.  During  this  period 
of  rest  a  certain  stiffness  may  be  experienced  on  the  side  of  the 
tumor.  Varicocele  is  frequently  observed  in  these  cases,  on  the 
same  side  as  the  focus  of  pain;  it  may  develop  simultaneous 
with  the  latter  and  disappear  when  the  patient  assumes  the 
recumbent  position. 

While  periodical  haematuria,  a  tumor  and  pain  in  the  loca- 
tions mentioned  are  typical  signs  of  renal  hypemepliroma,  other 
phenomena  may  appear  gradually  as  the  morbid  process  advances. 
Host  important  amoncr  these  aro  the  metastases,  which  occa- 
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sionally  occur  as  first  signs  of  the  disease.  This  is  especially 
the  case  in  bone  metastasis,  which  may  appear  in  the  vertebrae, 
the  ribs  and  other  long  bones,  the  skull,  scapula,  etc.,  ue.,  prac- 
tically any  portion  of  the  skeleton.  Metastasis  may  also  occur 
in  various  viscera,  particularly  the  lungs,  the  consolidation  in 
the  latter  suggesting  the  corresponding  stage  of  phthisis. 

The  arteries  may  be  thickened  and  show  clearly  defined 
signs  of  arteriosclerosis,  quite  in  contrast  sometimes  with  the 
relative  youth  of  the  patient,  and  the  blood-pressure  be  quite 
high.  The  skin  is  not  bronzed  in  these  cases,  but  yellowish  and, 
sometimes,  swarthy  or  smoky,  this  being  replaced  by  pallor  when 
the  end  is  near.  The  temperature  may  be  raised,  but  this  rarely 
exceeds  l**  or  2°  F. 

An  important  feature  in  this  connection  is  that  bronzing  is 
a  characteristic  of  insufficiency  of  the  adrenals,  as  in  Addison's 
disease,  whether  due  to  degeneration,  tuberculosis  or  malignant 
tumor  of  these  organs  or  of  their  nerve  supply.  In  hyperneph- 
roma, on  the  contrary,  we  have  an  addition  of  adrenal  sub- 
stance to  the  circulation  through  the  secretory  activity  of  the 
adrenal  rests,  as  shown  by  the  familiar  results  of  adrenal  over- 
activity enumerated — ^high  blood-pressure  and  arteriosclerosis. 
The  icterus  or  swarthiness  here  is  due,  from  my  viewpoint,  to  the 
continuously  high  blood-pressure  which  causes  the  cutaneous 
capillaries  to  become  hyperaemic  and  to  expose  an  increased 
quantity  of  the  adrenal  principle — ^the  component  of  melanin 
(we  have  seen  in  the  early  portion  of  this  chapter  that  melanin 
is  the  adrenal  principle)  to  oxidation.  The  stage  of  bronzing 
is  not  reached,  because  the  pigment  is  not  deposited  in  the  cuta- 
neous tissues,  as  it  is  in  Addison's  disease,  but  merely  supplied 
to  them  in  excess. 

The  duration  of  the  disease  varies  from  fifteen  weeks  to 
eight  years.  The  patient  gradually  loses  flesh  and  grows  weaker, 
all  the  symptoms  become  aggravated,  haematuria  becoming  prom- 
inent and  causing  marked  secondary  anaemia ;  moderate  cedema 
of  the  lower  limbs  may  appear  mainly  as  a  result  of  pressure 
on  some  large  venous  trunk,  and  delirium  sometimes  precedes 
the  terminal  coma. 

Diagnosis. — The  pain  in  the  region  of  the  affected  kidney, 
the  haematuria  accompanied  by  frequent  urination,  and  the  local- 


HYPERNEPHROMA.  135 

ized  tumor  are  the  chief  diagnostic  points  among  those  previously 
enumerated,  but  other  features  may  serve  to  facilitate  the  diag- 
nosis. Gtelle  pointed  out  that  fragments  of  tlie  tumor,  which 
is  very  friable  and  often  dissociated  during  haemorrhages,  could 
be  found  in  the  clots  passed  with  the  urine.  The  cells  preserve 
their  characters  and  staining  properties.  As  to  diagnosis  of  the 
tumor  itself  after  removal,  Croftan  found  (1)  tliat  a  watery 
extract  of  fresh  hypernephroma,  in  keeping  with  adrenalin  and 
adrenal  extracts,  provoked  glycosuria  when  injected  in  the  rabbit ; 
(2)  that  a  pure  starch  solution  to  which  the  watery  extract  of 
h}^emephroma  was  added  contained  an  appreciable  quantity  of 
dextrose,  and  (3)  that  the  watery  extract  also  possesses  the 
power  to  decolorize  an  iodine  starch  solution.  These  simple 
tests  make  it  possible  to  differentiate  hypemephromata  from 
other  tumors  of  the  kidney.  This  is  important,  since  the  post- 
operative prognosis  of  hypernephroma  is  much  more  favorable 
than  that  of  any  other  malignant  tumor  of  the  kidney.  A  high 
blood-pressure  tends  greatly  to  insure  the  diagnosis. 

Various  disorders  may  be  simulated  by  hypernephroma, 
prominent  among  which  is  urinary  calculus.  In  this  connection 
the  pain  is  coincident  with  the  haemorrhage,  while  in  hyper- 
nephroma the  pain  continues  after  the  latter,  though  greatly  re- 
lieved. Tlie  vermicular  and  cylindrical  shape  of  the  clots  in 
hypernephroma  is  also  suggestive.  Cystoscopic  examination  at 
this  time  often  reveals  these  clots  projecting  from  the  ureter  of 
the  diseased  kidney,  whose  tumor  can  also,  in  some  instances,  bo 
discerned  under  X-ray  examination.  Pregnancy  is  sometimes 
suggested  when  the  growth  projects  anteriorly,  especially  in  view 
of  the  fact  tliat  amenorrhoea  sometimes  precedes  the  abdominal 
enlargement. 

Hypernephroma  may  be  mistaken  for  enlarged  spleen. 
The  latter  is  usually  nearer  the  surface  and  its  mobility  on 
inspiration  more  marked.  It  is  located  on  the  left  side,  whereas 
hypernephroma,  in  most  instances,  occurs  on  the  right  side. 
Catheterization  of  the  ureters  mav  serve  to  indicate,  between 
tlie  periods  of  haematuria,  which  of  the  two  kidneys  is  most  im- 
paired functionally.  The  blood  count  affords  little  if  any 
information,  any  diminution  of  red  corpuscles — sometimes  to 
an  extreme  degree — ^being  readily  accounted  for  by  hacmaturia. 
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Moderate  leucocytosis  occurs  in  some  cases,  but  not  with  suj£< 
cient  frequency  to  give  this  sign  any  diagnostic  importance. 

In  some  cases  the  symptoms  and  physical  signs  other  than 
haematuria  afford  but  little  help  to  establish  the  identity  of  the 
tumor,  either  anteriorly  or  posteriorly.  In  that  case,  the  absence 
of  pregnancy  being  clearly  established,  an  exploratory  incision 
followed  immediately,  if  hypernephroma  be  present^  by  its 
radical  removal,  is  indicated. 

Pathology. — Hypernephroma  is  usually  located  in  the 
upper  pole  of  the  kidney,  immediately,  therefore,  under  the 
adrenals.  When  found  early  in  life  at  autopsies  it  may  be  no 
larger  than  a  lentil  or  even  smaller,  but  it  may  attain  the  size  of 
a  child's  head,  growing  outwardly  or,  in  some  cases,  inwardly 
at  the  expense  of  the  renal  tissues.  These  growths  reproduce 
more  or  less  perfectly  the  adrenal  tissue,  the  smaller  growths 
being  made  up,  as  a  rule,  of  the  cortex,  and  the  larger  of  both 
the  cortical  and  the  medullary  substance.  They  are  firm  when 
small,  but  when  they  attain  a  certain  size  their  tendency  is  to 
become  lobulated,  the  projecting  masses  becoming  softer  and 
cyst-like.  They  are  lobulated  owing  to  the  fibrous  bands  derived 
from  the  renal  capsule,  and  the  lobules  when  opened  may  be 
yellowish,  grayish  red,  or  brown  or  blackish,  and  contain  haemor- 
rhagic  areas — ^the  source  of  the  blood  which  causes  haematuria. 

The  larger  growths  are  those  which  tend  to  become  malig- 
nant and  to  produce  metastases.  These  occur  through  the  blood- 
vessels, both  the  arteries  and  veins;  the  bones  and  lungs,  as 
previously  stated,  are  the  structures  most  frequently  invaded, 
though,  occasionally,  extension  occurs  by  the  lymphatics,  includ- 
ing the  retroperitoneal  glands. 

Microscopically,  they  usually  show  a  scanty  stroma  composed 
of  vascularized  connective  tissue  in  columns  and  a  parenchyma 
formed  of  endothelial  polygonal  or  columnar,  translucent  nu- 
cleated cells  which  differ  entirely  from  those  of  the  renal 
epithelium.  The  cytoplasm  is  granular  and  contains,  besides 
detritus  and  giant-cells,  numerous  fat-laden  vacuoles.  It  is  the 
presence  of  considerable  fat  thus  disposed  which  first  caused 
these  tumors  to  be  regarded  as  lipomata.  The  fat  contains 
lecithin.  Glycogen  is  also  present;  sometimes  in  relatively  large 
quantities. 
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Prognosis. — ^As  a  rule,  hypemephromata  grow  slowly  at 
first,  months  and  even  years  elapsing  before  they  metastasize  or 
show  other  signs  of  malignancy.  They  may  then  progress  very 
rapidly  and,  the  haematuria  becoming  continuous,  death  occurs 
from  exhaustion. 

When  the  growth  is  thoroughly  removed  before  this  stage 
of  malignancy  is  reached,  it  shows  no  tendency  to  recur. 

Treatment.' — ^An  exploratory  incision  is  warranted,  as 
previously  stated,  when  an  abnormal  growth  in  the  abdomen  or 
in  the  region  of  the  kidney  occurs  coincidently  with  haemor- 
rhage, even  when  other  symptoms  of  hypernephroma  are  not 
present.  The  majority  of  authorities  consider  this  procedure 
advisable,  even  when  haemorrhage  into  the  bladder  cannot  be 
accounted  for.  In  some  cases  discomfort  or  tension  over  one 
kidney,  and  deep  comparative  palpation  on  both  sides  may  sug- 
gest which  side  should  be  explored  first,  but  if  this  unilateral 
examination  fails  to  indicate  the  presence  of  a  growth  explora- 
tion of  the  other  kidney  is  justifiable.  In  some  instances,  the 
organ  is  merely  enlarged,  especially  toward  the  upper  pole,  or  at 
the  hilum.  Removal  of  the  growth  may  be  performed  extra- 
peritoneally  through  a  lumbar  incision.  The  fatty  capsule 
should,  according  to  Kuzmik,  be  removed  along  with  the  growth, 
as  it  may  be  infiltrated  and  thus  lead  to  recurrence. 

CANCER  OF  THE  ADRENALS. 

Primary  malignant  tumors  of  the  adrenals  are  generally 
regarded  as  rare,  but  it  is  probable  that  when  the  symptoma- 
tology of  these  growths  will  be  known  by  the  profession  at  large 
instead  of,  as  at  present,  by  very  few  of  its  members  many 
deaths  now  attributed  to  Addison's  disease  in  adults  and  to 
asthenic  disorders  in  children  will  be  foimd  to  be  due  to  this 
class  of  growths.  Addison,  in  fact,  included  these  neoplasms 
among  the  etiological  factors  of  the  disease  which  bears  his 
name,  but  it  is  now  plain  that  the  two  s}Tidromes  differ  in  many 
respects,  and  that  the  treatments  indicated — medical  in  the  one, 
and  surgical  in  the  other — impose  the  need  of  recognizing 
malignant  neoplasms  of  the  adrenals  as  distinct  morbid  entities. 

Varieties. — Primary  malignant  tumors  of  the  adrenals  are 
of  the  various  forms  of  sarcoma  those  most  frequently  met  with 
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and  which  occur,  in  the  majority  of  instances,  in  infancy,  child- 
hood, and  adolescence;  carcinoma  which  occurs,  as  a  rule,  in 
adults  or  aged  subjects.  Among  the  rarer  varieties  may  be 
mentioned  the  malignant  hypernephroma  and  a  class  of  tumors 
termed  by  Prudden  hcemorrhagic  adenoma,  i.e.,  the  growths 
reviewed  under  the  preceding  heading.  They  appear  much 
earlier  in  females  than  in  males. 

While  24  cases  of  malignant  growths  collected  by  EoUeston 
and  Marks  included  15  of  sarcoma  and  9  of  carcinoma,  67  col- 
lected by  Ramsay  included  30  of  sarcoma  and  37  of  carcinoma. 
This  tends  to  suggest  that  the  two  forms  occur  about  evenly. 

Symptoms. — As  a  rule,  the  general  phenomena  develop 
insidiously,  the  adrenal  lesion  being  well  advanced  when  they 
begin  to  appear.  The  strength  wanes  more  or  less  rapidly ;  the 
weight  gradually  decreases ;  the  pulse  and  cardiac  action  become 
increasingly  weaker  and  more  rapid;  the  temperature  shows 
exacerbation  of  a  couple  of  degrees  at  times,  but  the  advanced 
cases  are  usually  subnormal ;  the  appetite  decreases ;  digestive  dis- 
turbances, such  as  nausea,  vomiting,  flatulence,  and  diarrhoea, 
are  commonly  observed.  Anaemia  is  sometimes  manifest,  the 
haemoglobin  being  often  reduced  to  50  per  cent.,  and  the  red 
co^uscles  to  3,000,000  or  less.  Cough,  with  bronchial  rales, 
localized  dullness,  and  haemoptysis,  are  occasional  complications, 
while  dyspnoea  and  increase  of  the  number  of  respirations  are 
apt  to  occur  in  advanced  cases.  The  skin  may  remain  normal, 
but  various  degrees  of  pigmentation,  ranging  from  slight  icterus 
to  actual  bronzing,  are  observed  in  the  majority  of  cases.  The 
typical  facies  may  alone  be  present  in  cases  of  primary 
carcinoma. 

This  symptomatology  is  based  on  an  analysis  of  60  reported 
cases  of  primary  malignant  tumors  of  the  adrenals.  The 
phenomena  are  clearly  explained  by  the  functions  I  attribute  to 
the  adrenals.  Being  the  purveyors  of  the  secretion  which — as 
the  albuminous  constituent  of  haemoglobin — sustains  oxygena- 
tion and  metabolism  and  therefore  nutrition,  increasing  emacia- 
tion, weakness,  hypothermia,  the  decrease  of  hiemoglobin,  etc., 
are  but  normal  results,  all  the  other  phenoma  being  secondary' 
thereto.  The  cases  in  which  no  pigmentation  of  the  skin  occurs 
are  usually  those  in  which  but  one  adrenal  is  involved. 
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All  these  phenomena  are  seldom  witnessed  in  a  single  case. 
As  a  rule,  after  a  period  of  progressive  emaciation  and  adynamia, 
a  tumor  can  be  detected  by  palpation  posteriorly  below  the 
costal  margin,  close  to  the  vertebral  column.  The  mass  at  first 
follows  the  respiratory  movements  and  recedes  under  pressure, 
but  it  eventually  becomes  fixed  and  immovable.  In  some  cases, 
especially  in  infants,  the  tumor  cannot  be  detected  in  this 
manner,  but  the  abdomen  gradually  enlarges  with  a  steady  in- 
crease of  the  line  of  dullness,  though  perhaps  no  other  symptom 
be  discernible.  When  the  outline  of  the  growth  can  be  clearly 
followed  with  the  fingers,  its  border  is  not  nodular  as  in  hepatic 
cancer,  but  smooth. 

Pain  is  sometimes  complained  of;  it  may  be  located  in  the 
region  of  the  tumor;  or,  radiating  upward  or  across  the  back,  it 
may  extend  to  the  shoulders.  The  pain  has  been  attributed  to 
the  phrenic  nerve,  but  a  clearer  explanation  is  the  effect  of  the 
traction  by  the  tumor,  upon  the  sympathetic  ganglia  and  through 
the  greater  splanchnic,  upon  the  sympathetic  chain,  which  is 
merged  in  with  the  mass  of  nerves,  including  the  brachial  plexus, 
in  the  tissues  of  the  shoulders. 

Pressure  symptoms  are  apt  to  complicate  a  case  of  long 
duration.  Ascites,  general  oedema,  or  oedema  of  the  ankles  or 
legs  are  commonly  observed  in  such  cases,  due  notably  in  most 
instances  to  pressure  upon  tlie  inferior  vena  cava.  Gangrene  of 
tlie  feet  has  also  been  observed.  In  carcinoma,  metastasis  is 
most  common  in  the  liver  and  lungs;  in  sarcoma  it  is  not  quite 
as  frequent  and  occurs  in  most  cases  in  the  liver  and  kidney. 

Death  may  occur  suddenly,  preceded  by  very  few  of  the 
above  symptoms,  especially  the  sarcomata  of  infants.  In  the 
majority,  however,  especially  in  adults,  the  morbid  symptoms 
gradually  develop  and  the  asthenia  increases  until  unconscious- 
ness, labored  breathing,  and  coma  terminate  in  death. 

Infants  may  also  suffer  from  a  congenital  type  of  adrenal 
tumor  which  simultaneously  invades  the  liver.  It  is  encountered 
as  a  congenital  tumor,  during  the  first  weeks  of  life.  The  ab- 
domen becomes  increasingly  distended;  there  is  moderate  emacia- 
tion, but  no  jaundice,  pigmentation,  ascites,  or  even  pain,  the 
child  nursing  almost  up  to  the  time  of  death.    William  Pepper*^® 

•■•  Pepper:    Amer.  Jour.  Med.  Scl.,  Mar.,  1901. 
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described  a  series  of  6  cases,  including  a  personal  case,  showing 
that  congenital  sarcoma  of  tlie  adrenals  and  liver  constitutes  a 
special  type  of  malignant  disease  with  its  own  peculiar  symptoms 
and  pathological  findings:  Swelling  of  the  abdomen  occurred 
within  a  period  ranging  from  birth  to  five  weeks,  thus  indicating 
the  congenital  nature.  The  infants  lived  from  one  to  sixteen 
weeks,  thus  showing  great  malignancy.  The  increase  of  growth 
could  be  discerned  from  day  to  day,  thus  illustrating  rapid 
development.  All  were  females.  The  entire  normal  liver  struc- 
ture was  practically  destroyed  in  all.  The  suprarenal  growth 
exhibited  the  peculiarity  of  being  very  hajmorrhagic.  No  other 
part  of  the  body  was  involved  by  the  new  growth. 

Diagnosis. — ^The  diagnosis  of  malignant  tumor  is  not  diffi- 
cult when  the  tumor  is  sufficiently  large  to  be  discovered  by 
palpation,  especially  when  paraesthesia  over  the  kidneys.  This 
and  the  asthenic  phenomena  point  clearly  to  the  adrenals^ 
especially  if  jaundice  or  any  pigmentation  of  the  skin  be  present. 
Unfortunately  the  mor])id  process  is  far  advanced  as  a  rule  when 
these  signs  appear.  The  tumor  has  been  mistaken  for  psoitis 
and  abscess  and  plirenic  abscess.  From  hepatic  cancer  it  differs 
in  that  the  surface  of  the  tumor  is  smooth  instead  of  lobulated. 
Of  course  the  possibility  of  metastasis  in  the  liver,  its  most  fre- 
quent scat,  must  be  borne  in  mind.  Hydatid  cyst  may  be  sug- 
gested, but  the  absence  of  the  hydatid  thrill  and  other  typical 
symptoms  will  avoid  error.  A  projecting  and  enlarged  gall- 
bladder is  sometimes  simulated  by  an  adrenal  tumor  capable  of 
displacing  the  intestines  anteriorly;  but  the  latter  are  much  less 
tense  than  such  a  gall-bladder.  Abdominal  aneurism  may  be 
suggested,  but  the  absence  of  aneurismal  bruit  and  the  absence 
of  all  other  signs  of  adrenal  growth  eliminate  this  source  of 
error.  In  renal  cancer  or  renal  hypernephroma,  haematuria  and 
other  evidences  of  renal  disorder  are  usually  present,  while  they 
are  more  likely  to  be  absent  in  malignant  growths  of  the  adrenals. 
Pain  occurs  earlier  than  in  renal  tumors,  while  febrile  disturb- 
ance is  rare  in  the  latter. 

Two  symptoms,  according  to  Israel,*'^  point  to  involvement 
of  the  suprarenal  gland:  (a)  Paroxysms  of  pain  and  paraesthe- 
siafi  in  tlie  absence  of  a  palpable  tumor,  and  (6)  a  febrile  course. 

*>^  Israel:    Deut  med.  Woch.,  No.  44,  1906. 
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The  painful  paroxysms  in  renal  as  well  as  suprarenal  tumors 
are  due  to  the  extension  of  the  neoplasm  to  the  roots  of  the 
lumbar  plexus.  In  suprarenal  tumors  this  may  occur  quite 
early  owing  to  the  immediate  vicinity  of  these  structures.  On 
the  other  hand,  in  renal  tumors  the  invasion  of  the  capsule 
usually  takes  place  at  a  late  period  when  the  growth  has  reached 
so  considerable  a  size  as  to  become  palpable.  The  fact  that  fever 
occurs  in  cases  of  suprarenal  tumors  has  hitherto  been  unknown. 
Israel  observed  it  in  57  per  cent,  of  his  cases,  while  in  renal 
tumors  it  was  present  only  in  1  to  2  per  cent. 

Another  apparently  characteristic  fact  in  differentiating 
from  renal  tumor  is  that  the  adrenal  growth  tends  to  approach 
more  nearly  the  median  line  (in  the  region  from  the  seventh  to 
the  ninth  costal  cartilages),  while  the  primary  tumor  of  the 
kidney  appears  first  in^the  region  from  the  ninth  to  the  eleventh. 
Tumor  of  the  adrenal  at  the  time  of  its  presentation  beneath  the 
margin  of  the  ribs  appears  broader  than  does  that  of  tumor  of 
the  kidney,  and  the  lower  contour  of  the  tumor  of  the  adrenal 
is  much  less  rounded  than  is  that  of  the  kidney. 

The  emphasis  laid  by  Israel  on  the  presence  of  fever  in 
adrenal  malignant  neoplasms  affords  striking  proof  of  the  cor- 
rectness of  my  contention,  urged  ever  sin6e  1903,  that  the 
adrenals,  through  the  role  of  their  secretion  in  oxidation  and 
metabolism,  were  tlie  active  organs  in  fever — a  process  which 
pathologists  have  failed  to  explain. 

Leucocythemia  is  sometimes  simulated;  but  the  absence  of 
myelocytes  and  other  characteristics  soon  eliminate  this  disease. 

Ecchyniosis  of  the  orbit  of  unaccountable  origin  in  infants 
and  young  children  or  tumor  of  the  orbit  should  cause  careful 
search  for  manifestations  of  malignant  tumors  of  the  adrenals, 
as  previously  stated. 

TRE.VTMENT. — Ecmoval  is  the  only  resource,  but  as  a  rule 
the  result  is  unsatisfactory  owing  to  the  fact  that  the  presence 
of  the  growth  is  recognized  only  through  metastasis;  or  when  it 
has  developed  to  a  marked  extent,  and  produced  either  through 
metastasis,  pressure,  etc.,  disorders  in  other  parts  of  the  organism 
which  cannot  be  reached. 

Cases  in  which  the  tumor  involves  'one  adrenal  only,  as  sug- 
gested by  the  absence  of  symptoms  of  adrenal  insufSciency, 
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marked  asthenia^  emaciation^  hypothermia^  etc.^  and  the  presence 
of  a  tumor  and  hyperaesthesia  on  one  side  only,  offer  a  better 
chance  of  success,  since  they  indicate  that  the  other  adrenal  will 
probably  be  'able  to  subserve  alone  the  needs  of  the  organism. 
The  chief  difiSculty  encountered  in  the  course  of  the  operation 
is  a  marked  tendency  to  haemorrhage  owing  to  the  friability  of 
the  morbid  tissues. 


CHAPTEE  III. 

THE    THYBOPARATHYBOID    APPARATUS    IN    GBBT- 
EBAL  OXIDATION  AND  IMMUNITY. 

Wb  can  no  longer  speak  of  the  thyroid  gland  as  a  functional 
entity.  The  two  external  parathyroid  glandules,  discovered  in 
1880  by  a  Swedish  physician,  Sandstrom,  and  the  two  internal 
parathyroid  glandules,  discovered  by  Nicolas,*  of  Nancy,  in 
1893,  and  independently  by  Kohn,*  of  Prague,  in  1896,  intro- 
duced a  new  era  in  our  conception  of  this  organ.  Foreign 
investigators,  therefore,  tend  increasingly  to  adopt  the  term 
'Hliyroparathyroid  apparatus''  owing  mainly  to  the  anatomical 
relationship  between  the  glandules  and  the  thyroid  vessels,  with 
which  their  own  circulation  is  directly  connected.  We  shall  see, 
however,  that  many  physiological  facts,  the  first  of  which  were 
pointed  out  by  Oley,  of  Paris,  in  1892,  and  clinical  observations 
warrant  the  use  of  this  compound  term. 

PREVAILING  VIEWS  AS  TO  THE  FLTNCTIONS  OP  THE 
THYROID  AND  PARATHYROIDS. 

In  1859,  Shiff,  of  Geneva,  found  experimentally  that  re- 
moval of  the  thyroid  gland  in  the  dog  caused  violent  nervous 
disorders  and  death.  Two  surgeons  of  the  same  city,  the 
brothers  J.  L.  and  A.  Reverdin,  then  pointed  out  (1882)  that 
in  certain  goitrous  subjects,  and  after  the  complete  removal 
of  goiter  in  othen^ise  normal  subjects,  there  also  appeared 
marked  trophic  and  nervous  disturbances.  This  w^as  confirmed 
the  following  year  by  another  Swiss  surgeon,  Kocher.  The 
principal  postoperative  phenomena  noted  were :  marked  weakness 
and  fatigue,  a  sensation  of  cold,  pallor,  muscular  stiffness,  and 
pains;  cedematous  thickening  and  pallor,  hardness  and  dryness 
of  the  skin,  the  normal  folds  being  more  or  less  effaced,  and  loss 
of  hair.  The  main  nervous  and  mental  phenomena  were :  tetany, 
sometimes  attaining  the  violence  of  true  tetanus  and  passing  into 

^  Nicolas:     Bull,  de  la  Soc.  dee  Sci.  de  Nancy.  toI.  t,  p.  13,  May  8,  18M. 
'Kohn:    Archly  f.  mikroak.  Anat.,  Bd.  xliv.  S.  306.  1895. 
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clonic  convulsions.  The  intelligence  was  also  diminished,  with 
slow  intellection  and  enunciation  as  icharactefristic  features. 
Paroxysms  of  suffocation,  vertigo,  syncope  occurred,  followed  by 
death  within  a  period  varying  from  four  to  nine  days  in  the 
vast  majority  of  cases,  the  fatal  ending  being  sometimes  delayed 
two  or  three  weeks  beyond  this  period. 

The  brothers  Beverdin  termed  this  condition  postoperative 
tnyxcedema,  while  Kocher  called  it  cachexia  strumipriva.  The 
term  tnyxcedema  had  already  been  attributed  (1877)  by  Ord  to 
the,  now  familiar,  disease  of  which  thyroid  insufficiency  is  the 
predominating  pathogenic  factor,  and  which  Sir  William  Gull 
had,  in  1873,  called  "a  cretinoid  change.^' 

The  same  phenomena  were  observed  in  the  monkey  by 
Horsley,  in  1885.  This  observer  and  many  others  also  foimd 
that  the  symptoms  were  most  severe  in  carnivorous  animals; 
somewhat  less  so  in  man  and  in  the  monkey;  still  less  so  in 
ruminants  and  undulates,  and  that  they  failed  to  occur  in  birds 
and  rodents.  But  these,  experimental  dissimilarities  were  to  a 
great  extent  obliterated  by  the  subsequent  experiments  of  Gley, 
de  Quervain,  Hofmeister,  Edmunds,  and  others,  which  showed 
that  the  variations  depended  mainly  upon  the  anatomical  rela- 
tionship of  the  parathyroids  and  the  thyroid.  Thus  Gley,  of 
Paris,  found,  in  1892,  that  in  the  rabbit  two  of  the  four  para- 
thyroids were  situated  below  the  thyroid  and  were,  therefore, 
not  removed  with  the  thyroid;  while  in  the  dog,  all  four  para- 
'  thyroids  are  so  imbedded  in  the  latter  that  it  is  only  with  great 
'  care  that  they  can  be  left  in  situ. 

Gley  discovered  another  important  fact:  he  showed  that, 
while  removal  of  the  thyroid  alone  does  not  necessarily  cause 
death,  it  was  the  removal  of  the  four  parathyroids  which  caused 
the  nervous  phenomena  and  the  fatal  ending.  These  observa- 
tions have  been  sustained  by  many  investigators,  who  have 
gradually  accounted  for  many  phenomena  attributable  to  each 
organ,  as  will  be  shown  in  the  following  pages. 

Removal  of  the  thyroid  only,  produces  morbid  phenomena 
the  severity  of  which  depends  upon  the  age  of  the  animal;  the 
younger  the  animal,  the  greater  are  the  morbid  effects  witnessed, 
though  life  itself  is  not  necessarily  endangered.  The  animal 
fails  to  grow.     The   bones   and  epiphysial   cartilages   fail  to 


FUNCTIONS  OP  THYROID  AND   PARATHYROIDS.  145 

develop,  the  skull  alone  escaping;  the  abdomen  projects  and 
becomes  larger,  though  relatively  flabby.  The  testicles  remain 
&mall  and  may  fail  to  descend;  th^  ovaries  are  also,  as  a  rule, 
atrophied. 

Sterility  due  to  the  non-formation  of  semen  has  been  note<l. 
Pregnant  rabbits  abort;  hens  produce  very  small  eggs  or  none 
at  all.  The  animal  is  apathetic,  indifferent,  dirty,  awkward  and 
apparently  devoid  of  intelligence,  and  quite  recalls  the  human 
cretin.  The  skin  is  rough,  coarse,  and  squamous,  being,  in  some, 
considerably  creased,  as  in  the  aged,  and,  in  others,  swollen,  hard, 
and  resistant,  as  in  myxoedema.  The  hair  becomes  coarse  and 
shaggy,  losing  all  luster,  and  tends  to  grow  irregularly  and  fall. 
The  temperature,  normal  at  first,  steadily  decreases  until  death, 
the  respiratory  exchanges  and  oxidation  being  diminished,  the 
nitrogen  excretion  likewise  showing,  clearly,  inhibited  metab- 
olism. Anaemia,  with  reduction  of  the  red  corpuscles,  is 
marked.  Paralysis  and  convulsions  may  appear,  but,  as  a  rule, 
the  animal  dies  cachectic  after  a  prolonged  period,  the  develop- 
ment of  the  trophic  disorders  being  slow — two  or  three  months 
in  the  most  rapid  cases — i.e,,  the  youngest,  according  to 
Jeandelize. 

As  observed  bv  Cliarrin,  and  as  will  bo  shown  later  in  this 
chapter,  removal  of  the  thyroid  reduces  the  resistance  to  infec- 
tions, and  also,  according  to  Lindemann,  to  intoxications.  Tn 
man  the  j)ost operative  phenomena,  i.e..  cachexia  struniipriva, 
rarely  appears  before  three  or  four  months  and  occasionally 
after  a  year.  The  same  vulnerability  to  infections  is  also  promi- 
nent and  the  sufferers  are  often  carried  awav  hv  an  intercurrent 
infection,  especially  tuberculosis  and  pneumonia. 

In  full-gro\ni  subjects  no  marked  physical  changes  occur, 
but  nutrition  is  nevertheless  impaired,  emaciation,  anjemia, 
coarseness  of  the  skin,  falling  of  hair,  hypothermia,  and  other 
manifestations  of  myx(edema  manifesting  themselves.  These 
phenomena  are  aggravated  by  pregnancy  and  lactation,  repeated 
pregnancy  and  prolonged  lactation  having  in  fact  been  found  by 
Mor\'an  to  favoc  the  development  of  mvKaHlema  irrespective  of 
thvroidectomv. 

On  the  whole,  removal  of  the  thyroid  gland  alone  gives  rise 
in  the  young:    1,  to  arrested  growth  especially  marked  in  the 
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skeletal  bones  and  sexual  organs;  2,  to  myxcBdematous  thicken- 
ing of  the  skin;  and  3,  to  a  low  grade  of  intelligence  with 
general  apathy — as  main  morbid  phenomena,  constituting  the 
syndromes  recognized  under  the  term  cretinism;  while  in  the 
full  grown  it  causes  the  condition  known  as  myxoedema. 

Removal  of  the  Parathyroids  Only, — Removal  of  the  thyroid 
and  parathyroids  causes  early  death,  while  removal  of  the 
thyroid  alone,  we  have  just  seen,  is  followed  by  a  prolonged 
postoperative  life.  It  is  to  the  removal  of  these  diminutive 
organs,  in  fact,  that  all  the  nervous  phenomena  must  be 
ascribed.  Even  when  the  thyroid  is  left  in  situ,  and  the  four 
parathyroids  are  removed,  we  witness  a  typical  syndrome: 
The  predominant  feature  of  the  syndrome  is  the  tendency  to 
spasm  and  convulsions  which  may  range  from  tetany  to  violent 
tetanic  or  epileptic  paroxysms,  with  foaming  at  the  mouth, 
during  which  the  subject  may  die,  owing  to  spastic  immobiliza- 
tion of  the  thoracic  muscles.  Fibrillary  tremors,  tetanic  and 
choreic  movements,  sufficiently  violent  in  some  cases  to  throw 
the  patient  to  the  floor  are  also  observed.  As  in  strychnine 
poisoning,  the  least  contact  evokes  contractures  and  convulsions. 
Marked  dyspnoea,  the  dominant  symptom  in  rabbits,  and 
paroxysms  of  suffocation  occur  both  during  and  after  the  latter. 
The  respirations  are  greatly  accelerated,  100  to  200  times  a 
minute  in  animals.  Although  the  temperature  rises  during  the 
convulsive  paroxysms,  it  goes  down  considerably  during  the 
intervals,  both  the  external  and  internal  temperature  being  4°  C. 
or  more  below  normal  and  gradually  receding  as  death  ap- 
proaches. Ox3'genation  is  deficient;  the  blood  contains  less 
oxygen ;  the  red  corpuscles  are  reduced,  though  the  polynuclear 
leucocytes  are  increased;  cyanosis  is  clearly  shown  in  the 
rooster's  comb  and  in  the  monkey.  The  pulse,  slowed  during 
the  intervals,  becomes  extremely  rapid  and  tumultuous  during 
the  convulsions.  Involvement  of  the  alimentarv  canal  is  shown 
by  ptyalism,  foetid  breath,  anorexia,  the  animal  being  also  liable 
to  spasm  of  the  masseters  when  he  attempts  to  take  food,  marked 
thirst,  bilious  and  mucous  vomiting,  foetid  diarrhoeal  and  bloody 
stools.  Although  the  animal  appears  weak,  somnolent,  and  in- 
different to  its  surroundings,  as  a  rule,  it  is  sometimes  terror- 
stricken  and  agitated,  and  seems  to  suffer.    Pruritus  is  an  evident 
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symptom.  The  urine  is  greatly  reduced  and  abnormally  toxic, 
especially  during  the  convulsive  and  dyspnceic  paroxysms;  it  is 
also  markedly  spasmogenic  when  injected  into  another  animal. 
Albumin  and  glucose  are  often  present;  indican  likewise;  the 
chlorides  and  the  potassium  salts  are  present  in  excess;  the  pig- 
ments and  biliary  salts  likewise,  though  their  ratio  tends  grad- 
ually to  lessen.    Urea  and  phosphates  are  diminished. 

These  morbid  effects  usually  Ix^gin  about  twenty-four  hours 
after  removal  of  all  the  parathyroids.  In  dogs,  a  single  para- 
thjToid  of  the  four  suffices  in  most  instances  to  carry  on  their 
functions,  but  even  two  of  them  will  fail  to  do  so  in  some 
animals,  removal  of  the  other  pair  being  followed  by  tetany. 
Death  usually  occurs  in  from  three  to  five  days  after  removal 
of  all  four  organs;  though,  rarely,  it  does  not  occur  until  much 
later,  forty-five  days  in  some  instances.  The  possibility  of  sup- 
plementary organs  is,  of  course,  not  to  be  overlooked  under 
such  circumstances.  As  many  as  six  parathyroids  have  been 
foun<l  at  autopsies.  Auerbach^  recently  found  five  in  an  infant, 
but  onlv  two  in  5,  and  but  one  in  8.  These  13  children  all 
showed  a  tendency  to  spasm. 

Dual  Function  'Theory. — Gley  having  shown  the  vast  im- 
portance of  the  parathyroids,  he  concluded  that  their  purpose 
was  to  supplement  the  function  of  the  thyroid.  The  fact  that 
the  parathyroids  became  atrophied  on  removal  of  the  latter 
seemed  fully  to  sustiiin  this  view.  Additional  proof  was  seem- 
ingly afforded  by  the  continuation  of  life  for  some  time  after  the 
same  procedure,  the  parathyroids  beint^  thus  shown  capable  of 
carrying  on  the  functions  of  the  thyroid  independently. 

Contrary  to  this  conclusion,  however,  was  the  fact,  noted 
by  Moussu  and  verified  by  Gley  and  also  Nicolas,  that  the  para- 
thyroids, which  became  hypertrophied  after  removal  of  the 
thyroid,  never  assumed  the  histological  structure  of  the  latter, 
but  retained  their  own.  Moreover,  as  emphasized  by  Moussu,  in 
1893,  experimental  evidence  pointed  to  the  presence  of  two 
functionri.     This  view  was   sustained   bv  the  discovery   of  two 

ft  ft 

invest i^'a tors,  Nicolas  and  Kohn,  working  independently,  of  the 
two  additional  parathyroids,  two  only  having  been  described  by 
Tiandstrom,  as  prenously  stated.     These  two  glands  sufliced  to 

*Auerbach:    Jahrbuch  far  Kinderheilkunde,  B.  Ixxxlii,  Suppl..  1911. 
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maintain  life  after  the  thyroid  and  parathyroid  had  been  re- 
moved. Vassale  and  Generali  now  obtained  in  the  dog  the 
complete  effects  of  removal  of  the  whole  thyroid  apparatus  by 
extirpating  only  the  four  parathyroids,  a  result  confirmed  in 
the  rabbit  by  Bouxeau.  Moussu  then  showed  that  extirpation  of 
the  thyroid  alone  was  practically  harmless  in  adult  animals,  but 
that  in  very  young  animals  it  was  followed  by  experimental 
cretinism,  while  removal  of  the  parathyroids  gave  rise  to  the 
nervous  phenomena  described  in  all  animals,  excepting,  perhaps, 
the  ox  and  horse. 

On  the  whole,  the  prevailing  view  is  that  the  parathyroids 
are  functionally  independent  of  the  thyroid.  We  shall  see,  how- 
ever, that  many  facts  militate  against  tliis  conclusion. 

Effects  of  the  Iniemdl  Secretion  of  the  Thyroid. — ^Various 
theories  as  to  the  manner  in  which  the  thyroid  carries  on  its 
functions  have  been  vouchsafed,  but  all  have  succumbed  to  the 
view  that  the  organ  secretes  some  substance  which  finds  its  way 
into  the  blood,  Le.,  that  it  produces  an  internal  secretion.  This 
was  suggested  a  century  ago  by  the  experimental  work  of  King, 
of  London,  who  found  that  the  colloid  substance  of  the  gland 
passed  into  the  lymphatics,  an  observation  confirmed  by  Hurthle, 
Baber,  Sir  Victor  Horsley,  and  others. 

That  the  organ  is  a  secreting  one  is  shown  by  the  fact  that 
it  can  be  transplanted  or  grafted  from  its  normal  site  to  other 
parts  of  tlie  body.  Grafting  was  first  successfully  performed  by 
Schiff,  and  repeated  by  many  other  investigators,  including  von 
Eiselberg,  but  notably  by  Christiani,  of  Geneva.  Very  imcertain 
at  first,  the  method  was,  however,  so  perfected  by  the  latter 
experiments  that  success  now  attends  every  operation.  It  consists 
in  inserting  not  a  whole  lobe,  as  had  been  previously  practised, 
but  small  fragments.  After  a  time  there  is  produced  in  situ  a 
nest,  as  it  \7ere,  of  typical  thyroid  tissue  capable  of  carr}'ing  on 
the  functions  of  the  original  gland.  Moreover,  this  tissue  seems 
capable  of  doing  by  means  of  its  secretion  what  the  thyroid 
tissue  proper  cannot  do,  viz.,  to  protect  the  animal  against  tetany. 
Louis  Morel**  recommends  intraperitoneal,  intrasplenic  and  in- 
traosseous grafts  as  the  most  eatisfactory. 

Again,  extracts  of  the  gland,  the  gland  itself,  in  its  raw 

**  Louii  Morel:    Archives  gto^r.  de  chirurgie.  May,  1912. 
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state  or  desiccated,  antagonize  the  morbid  effects  of  thyroidec- 
tomy. This  was  first  shown  by  Vassale,  who  found  that  the 
intravenous  injection  of  aqueous  extract  of  thyroid  controlled 
temporarily  these  phencNnena.  This  experiment  was  the  stall- 
ing point  of  Murray's  memorable  introduction  of  the  use  of 
thyroid  preparations  in  myxcedema  in  all  its  forms.  In  toxic 
doses,  thyroid  extract  was  found  by  Ewald,  Fenwiek,  HaskoTcc, 
and  many  others  to  cause :  rapid  emaciation,  marked  vasodila- 
tion, a  rapid  pulse,  diuresis,  acceleration  of  the  hmphatic  cir- 
culation, hypothermia,  polypnoea,  polyphagia,  polydipsia,  glyco- 
suria, excessive  excretion  of  nitrogenous  wastes,  soon  followed 
by  extreme  depression,  anorexia,  vomiting,  loss  of  reflexes, 
paralyses,  convulsions,  and  death — all  phenomena  whieh^  may 
be  evoked  in  man  by  injudicious  thyroid  medication. 

A  feature  worth  retaining,  in  view  of  conclusions  to  be 
submitted  later,  is  that  many  observers,  including  Treupel,  Ord, 
and  Ver  Ecke,  have  laid  stress  upon  the  correlation  of  the 
thyroid  functions  with  general  nutrition.  Not  only  is  there 
increased  elimination  of  nitrogenous  and  other  tissue  wastes, 
but,  as  emphasized  by  Magnus-Levy,  the  respiratory  exchanges, 
including,  of  course,  the  intake  of  oxygen,  are  greatly  increased. 
Moreover,  Vassale  and  Generali*  advanced  ihe  view,  quite  com- 
patible with  all  these  biochemical  observations  and  witli  the 
known  effects  of  tlie  thvroid  extracts  in  cretinism  and  nivx- 
ccdema,  that  the  thyroid  secretion  sened  to  activate  metabolic 
processes,  both  in  the  cutaneous  tissues  and  in  the  organism  at 
large. 

Effects  of  ihe  Internal  Secretion  of  the  Purathyroiih. — 
Kenioval  of  these  organs  being  followed  by  spasm  and  convul- 
sions, the  normal  conclusion  at  once  suggested  itself  that  their 
purpose  was  to  destroy  spasmogenic  poisons  produced  within  the 
body.  Indeed,  the  blood  of  dogs  subjected  to  parathyroidectomy 
was  found  by  Kogowitsch  and  others  to  be  toxic  and  to  cause  con- 
vulsions in  normal  animals,  while  Laulanie  and  others  found 
the  urine  also  toxic.  The  liver,  according  to  Morel  and  Ratherv,' 
shows  acidosis  degeneration,  while  Morel**  and  Werelius'^*'  found 


^Vassale   and   Generali:     Arch.   ital.  de  biol.,  vol.   xxxii.  p.   154,  1900. 
*  Morel  and  Ratbery:     Jour,  de  pbysiol.  et  de  patb.  g^n.,  Sept.,  1912. 
■•  Morel:     La  gryn^cologle,  April,   1912. 
■^Werellui:     Surgery,  Oynecol.  and  Obst.  Feb.,  1913. 
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that  parathyroidectomy  enhances  the  liability  of  pregnant  animals 
to  autotoxic  convulsions. 

The  injection  of  parathyroid  extract  was  found  to  antagonize 
the  convulsive  disorders  caused  by  the  extirpation  of  all  para- 
thyroids by  Moussu  and  other  observers,  but  the  beneficial  effects 
lasted  a  short  time  only,  the  animals  dying  nevertheless.  As 
shown  by  Vassale,  the  same  beneficial  effects  are  obtained  by  the 
injection  of  thyroid  extract.  Transfusion  of  a  normal  dog's  blood 
to  th.it  of  one  deprived  of  its  thyroid  and  parathyroids  was  also 
shown  by  Fano  and  Zanda  to  palliate  considerably  the  convulsive 
phenomena.  Still,  the  fact  that  parathyroid  extract  arrests  the 
latter  temporarily  has  generally  been  accepted  as  proof  that  the 
paratliyroids  contribute  independently  of  the  thyroid  some  anti- 
toxic substance  to  the  blood. 

Of  experimental  and  clinical  interest  in  this  connection, 
however,  are  the  observations  of  Macallum  and  Voegtlin,'^*'  and 
Macallum,*^**  that  calcium  salts  given  by  the  mouth  or  hypoder- 
mically  inliibit  the  tetany  due  to  removal  of  the  parathyroids, 
both  in  man  and  in  lower  animals,  apparently  restoring  them 
completely.  This  suggests  that  it  is  by  influencing  in  some  way 
calcium  metabolism  that  the  parathyroid  secretion  produces  its 
antitoxic  effects. 

OBSCURE  FEATTLTKES  OF  THE  THYROPARATHYROID  PROBLEM. 

As  the  foregoing  review  of  the  status  of  the  question  indi- 
cates, much  valuable  work  has  been  contributed  toward  its 
elucidation.  Yet  if  we  ask  what  the  functions  of  the  thyroid 
and  parathyroids  are  in  the  economy,  it  must  be  admitted  that 
none  of  the  data  or  conclusions  available  answer  the  question. 
Growth  and  mental  development  are  prevented  by  arrest,  either 
through  organic  inhibition  of  the  functions  of  the  th}Toid  or 
through  removal  of  this  organ.  What  function  does  it  carry  on 
that  enables  it  to  influence  so  fundamentally  the  welfare  of  the 
entire  organism?  Vassale's  view  that  the  thyroid  secretion 
serves  to  hasten  tissue  metabolism  is  a  self-evident  conclusion 
sustained  by  the  symptomatology  of  and  the  use  of  thyroid 
preparations  in  myxoedema  and  cretinism,  but  it  does  not  tell 

^Macallum  and  Voegtlln:     Johns  Hopkins  Hosp.  Bull.,  Mar.,  1908. 
■■i  Macallum:    Jour,  of  the  Am.  Med.  Association,  Aug.  3,  1912. 
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VLB  how  it  fulfills  this  function,  i,e,,  what  its  secretion  does  to 
incite  and  sustain  it. 

In  the  preceding  chapter,  I  filled  the  corresponding  gap  in 
respect  to  the  adrenals  by  tracing  the  adrenal  secretion  to  the 
pulmonary  alveoli,  and  showed  that  it  was  converted  into  adre- 
noxidase  in  this  location,  and  that  it  served,  through  the  inter- 
mediary of  the  red  corpuscles,  to  sustain  oxidation,  metabolism, 
and  nutrition.  What  is  the  corresponding  itinerary  of  the 
thyroid  secretion?  Accepting  the  prevailing  and  irrefutable 
view  that  the  latter  does  sustain  metabolism,  what  is  the  func- 
tional relationship  between  the  thyroid  and  the  adrenals? 
Again,  we  find  that  removal  of  the  thyroid,  as  does  that  of  the 
adrenals,  predisposes  greatly  to  infection.  In  virtue  of  what 
property  does  the  thyroid  secretion  contribute  to  the  protection 
of  the  body  against  infectious  diseases?  These  and  many  other 
questions  have  not  as  yet  been  answered. 

The  field  of  the  parathyroids  is  at  least  as  replete  with 
obscure  factors.  The  same  lack  of  knowledge  concerning  the 
itinerar}'  of  their  secretion,  its  relationship  with  the  blood,  and 
the  actual  role  it  fulfills  prevails.  The  salient  postoperative 
efTects  being  convulsive  disorders  of  various  types,  we  are  again 
brought  to  the  necessity  of  attributing  to  these  organs  a  very 
active  ]iarti(ripation  in  the  autoprot**ctive  resources  of  the  body, 
the  poisons  antagonized  being  no  longer  toxins,  but,  apparently 
at  least,  toxic  products  of  metabolism,  i.e.,  spasmogenic  inter- 
mediate wastes.  Here,  again,  we  find  ourselves  confronted  with 
aji  active  sway  over  metabolism  or,  better  perhaps,  catabolism. 
Indeed,  the  importance  of  this  attribute  is  of  major  importance 
in  the  practical  field.  As  Parhon  and  Golstein"  write:  "Certain 
pathological  states,  such  as  pregnancy,  parturition,  lactation, 
certain  disorders  of  the  female  genital  apparatus,  certain  dis- 
eases of  the  thyroid,  can  facilitate  the  appearance  of  tetany, 
which  under  these  conditions  is  probably  of  parathyroid  origin.'^ 
As  to  the  pn»scnt  status  of  the  question,  the  same  authors  con- 
clude (1909)  "that  the  intimate  mechanism  of  the  production  of 
parathyroid  tetany — as  well  as  other  forms  of  tetany — has  not 
as  yet  been  elucidated.    The  data  we  {wssess  for  the  time  being 


*  Parhon  and  Oolsteln:     "Les  Sficr^tions  Internes,"  p.  209,  Paris.  1909. 
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cannot  but  indicate  the  path  that  researches  still  necessary  should 
follow  to  solve  the  question." 

THE  THYROPARATHYROID  SECRETION  AS  AN  OXIDATION 
ACTIVATOR  THROUGH  ITS  ACTION  ON   CELLULAR 

PHOSPHORUS. 

Verwom/  referring  to  Max  Schultze's  observation  that  the 
phosphogenic  cells  of  lightning  bugs  absorb  oxygen  actively, 
quotes  approvingly  Pfliiger's  statement  concerning  this  process: 
"Here,  in  the  wonderful  spectacle  of  animal  phosphorescence, 
nature  has  given  us  an  example  that  shows  where  the  taper 
burns  that  we  call  life."  If,  on  the  other  hand,  we  recall 
HutchisonV  remark:  "Briefly  then,  it  may  be  said  that  the 
effect  of  the  administration  of  the  thyroid  is  to  increase  oxida- 
tion in  the  body ;  it  makes  tissues,  as  it  were,  more  inflammable, 
so  that  they  bum  away  more  rapidly^*  and  also  the  fact  that 
iodine  when  brought  into  contact  with  phosphorus  causes  igni- 
tion of  the  latter,  the  meaning  of  the  above  heading  will  be 
apprehended.  Briefly,  from  my  viewpoint,  the  iodine  in  organic 
combination  which  the  thyroparathyroid  secretion  contains 
renders  the  phosphorus  of  all  tissue  cells,  and  particularly  their 
nuclei,  more  prone  to  undergo  oxidation  by  the  adrenoxidase  of 
the  blood.  Hence  the  great  influence  of  the  thyroid  gland  on 
oxidation,  on  the  vital  process  itself,  on  development,  physical 
and  mental,  as  is  well  shown  by  the  results  of  thyroid  prepara- 
tions in  cretinism  and  other  kindred  disorders. 

In  the  earlier  editions  of  the  present  work,  I  advanced  the 
view  that  it  was  in  part  through  the  adrenals  that  the  thyroid 
secretion  produced  its  effects,  and  that,  conversely,  "cachexia 
strumipriva,'^  i.e.,  the  myxoedema  which  follows  removal  of  the 
thyroid,  was  "partly  a  consequence  of  adrenal  insufficiency.'^ 
This  view,  which  makes  oxidation  the  common  aim  of  two  sets 
of  organs,  suggests  itself  when  the  effects  of  extirpation  of  the 
thyroid  are  compared  with  those  following  removal  of  the 
adrenals.  Both  postoperative  syndromes  include  central  and 
peripheral  hypothermia,  lowering  of  the  blood-pressure,  dyspnoea, 
cyanosis,  accelerated  respiration,  weakness  and  increased  rapidity 


^Verworn:     "General  PhyBlology,"  Amer.  ed.,  p.  256,  1889. 
'Hutchison:     Brit.   Med.   Jour.,   July   16.   1898. 


THTROPARATHtROID  SBCRBTION  AS  OXIDATION  ACTIVATOR.      153 

of  the  heartbeat  and  pulse^  muscular  weakness^  mental  torpor^ 
melancholia^  muscular  rigidity,  convulsions,  coma,  and  death; 
eren  bronzing  is  sometimes  witnessed  in  the  advanced  stages  of 
myxoedema.  Conversely,  the  effects  of  thyroid  preparations 
strikingly  recall  those  awakened  by  the  adrenal  secretion. 
Beebe,*  for  example,  while  acknowledging  that  it  is  not  known 
"on  what  tissue  or  set  of  tissues  the  thyroid  secretion  acts," 
states:  "We  know  that  it  is  connected  in  some  way  with  the 
function  of  oxidation  in  the  body.  By  the  administration  of 
thyroid  to  a  cretin  or  a  patient  with  myxowlema,  it  is  possible 
to  increase  the  absorption  of  oxygen  from  20  to  75  per  cent. 
There  is  a  corresponding  increase  in  the  amount  of  heat  given  oflE 
from  the  body.  The  removal  of  the  thyroid  in  an  animal  will 
cause  diminution  in  the  absorption  of  oxygen,  which  may  be 
again  increased  by  thyroid  feeding.  Administration  of  thyroid 
to  a  normal  animal  will  cause  an  increase  of  from  10  to  40  per 
cent,  in  the  oxygen  demand." 

All  this  naturally  suggests  a  mutual  stimulation  between 
the  thyroparathyroid  apparatus  and  the  adrenals.  In  1903,  I 
advanced  the  view  that  the  thyroid  secretion  directly  or  in- 
directlv  increased  the  adrenal  secretor\'  functions. 

Experimenters  who  have  taken  up  the  question  have  also 
been  led  independently  to  the  conclusions  I  had  previously 
reached.***  That  experimental  thyroidectomy  should  produce  no 
histological  changes  in  the  adrenals,  as  was  observed  by  Ilof- 
meister,**  BenFQp,*^  Bruckner/^  and  others,  is  self  evident,  unless 
the  adrenals  be  endowed  with  compensative  functions,  which 
has  never  been  demonstrated.  But  it  is  when  hyperactivity  of 
the  thvroid  is  used  as  the  basis  of  the  inquirv  that  such  a  func- 
tional  relationship  between  the  two  sets  of  organs  shows  itself. 
While,  for  example,  normal  blood  has  no  mydriatic  power,  in- 
jections of  thyroid  extract  confer  this  property  of  the  adrenal 
secretion  upon  it,  owing,  according  to  Kraus  and  FriedenthaP* 
and   Caro,**   to  stimulation   of  the   adrenals.      Kostlivy*®   also 

•Beebc:     Jour,  of  the  Amer.   Med.   Assoc,   Mar.  4,   1911. 
^^Sajous:      "Internal    Secretions    and    the    Principles    of    Medicine,"    vol    1, 
Ist  ed..  p.   152.  1903. 

"  Hofmeister:     Beltrage  z.  klin.   Chlr.,   Bd.  xi.   S.   463,  1894. 

"Bensen:     Virchows  Archlv,   Bd.   clxx,  S.  229,   1902. 

"  Bruckner:     Comptes-rendus  de  la  Soc.   de  biol.,   vol.   Ixiv,  p.  1123,  1908. 

>*  Kraus  and  Frledenthal:     Berlin  kiln.  Woch.,  Bd.  xlv,  S.  1710,  1908. 

"Caro:     Med.  Klinlk,  Berlin.  Bd.  vi.  S.  136.  1900. 

^•Kostlivy:     Mitt.  a.  d.  Grenzgcb.  d.  Med.  u.  Chlr.,  Bd.  xxl,  Nu.  4,  1910. 
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observed  in  a  large  number  of  cases  of  thyroid  intoxication  that 
the  blood-serum  produced  dilatation  of  the  pupil,  while  thyroid- 
ectomy caused  this  power  markedly  to  decline.  The  same 
mydriatic  activity  was  conferred  on  the  serum  of  animals  by 
giving  th}Toid  extract  by  the  mouth,  the  mydriatic  power  cor- 
responding with  the  dose  administered.  Hoskins,\^  who  refers 
to  the  above  observations,  obtained  similar  results  in  guinea-pigs. 
In  both  exophthalmic  goiter  and  myxoedema,  as  we  shall  see, 
the  participation  of  the  adrenals  in  the  processes  shows  itself  in 
various  ways.  Physiolog}^  and  clinical  medicine  thus  unite  in 
showing  that  the  secn^tion  of  the  thyroid  apparatus  enhances  the 
functions  of  the  adrenals.  I  might,  however,  express  this  in  a 
different  term.  Starling^^  has  named  **hormone"  (from  op^uocj, 
arouse  or  excite)  a  substance  which,  originating  in  one  organ,  is 
capable  of  stimulating  another.  Internal  secretions  being  in- 
cluded among  the  hormones,  we  can  state  that  the  hormones 
produced  by  the  parathyroid  apparatus  are  capable  of  stimulating 
the  adrenals.  That  the  thyroid  secretion  does  not  serve  only  for 
this  purpose,  however,  is  suggested  by  the  fact  that  it  is  com- 
ponent of  the  blood  at  large.  We  can  only,  therefore,  look  upon 
its  exciting  effect  upon  the  adrenals  as  an  incidental  feature  of 
a  general  function. 

What  is  the  nature  of  this  function?  We  have  seen  that 
the  prevailing  views  afford  no  answer  to  this  question.  We  are, 
therefore,  brought  back  to  the  answer  I  submitted  at  the  begin- 
ning of  this  section,  viz.,  that  "iodine  in  organic  combination 
which  the  thyroparathyroid  secretions  contain  renders  the  phos- 
phorus that  all  tissue-cells  and  particularly  their  nuclei  contain 
more  prone  to  undergo  chemical  change,  i.e,,  oxidation  in  this 
connection,  with  the  adrenal  product  adrenoxidase  as  its  source 
of  oxygen,"  and  to  analyze  the  evidence  which  led  me  to  it.  The 
plan  adopted  for  the  same  purpose  in  the  case  of  the  adrenals 
will  be  carried  out,  viz.,  to  submit  the  main  evidence  in  detail, 
though  in  as  terse  a  form  as  possible.  Starting  with  the  nature 
of  the  thyroparath>Toid  secretions,  I  shall  then  trace  their 
itineraries  throughout  the  organism  as  an  organic  compound, 
and  finally  its  function. 


"  Hosklns:    Amer.  Jour,  of  Physiol.,  vol.  xxvl,  p.  426,  1910. 
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The  thyroid  product  is  an  ^'iodized  globulin'*  (as  Oswald 
maintains),  the  globulin  being  the  albuminous  constituent  of 
hemoglobin,  i.e.,  adrenoxidase. 

As  Notkin**  and  also  White  and  Davies^®  hold,  the  action 
of  the  thyroid  secretion  resembles  that  of  an  organized  ferment. 
The  identity  of  this  ferment  suggests  itself,  i.e.,  the  adrenal 
active  principle,  when  we  consider  Baumann's  analyses  of  his 
thyroidin.  Among  other  tests,  for  example,  he  found  tliat  it  was 
practically  insoluble  in  ether  and  chloroform;  that  it  was  not 
destroyed  by  digestive  ferments,  and  that  it  stood  a  temperature 
of  100**  C.''*  These  are  the  specific  tests  of  adrenalin.  That 
this  active  principle,  in  turn,  occurs  as  a  constituent  of  what  I 
have  termed  "adrenoxidase,"  is  shown  by  the  fact  that  it  also 
gives  the  tests  of  the  plasmatic  oxidase;  Lepinois,  for  example, 
found  that  the  thyroid  secretion  contained  an  oxidase  which  gave 
the  blue  reaction  with  tincture  of  guaiac.  Again,  we  have  seen 
that  adrenoxidase  is  a  globulin:  Oswald  termed  his  product 
"thyroglobulin^^  and  described  it  as  an  "iodized  globulin.^^ 
Again,  adrenoxidase  being  the  oxidizing  constituent  of  the  blood, 
and  circulating  as  it  does  in  all  tissues  and  organs,  as  the 
albuminous  portion  of  the  haemoglobin,  it  must  necessarily  cir- 
culate also  in  the  thyroid  and  parathyroids  as  a  blood  constituent, 
and  out  of  which  the  secretions  of  these  organs  obtain  it. 

Tlie  actual  presence  of  an  oxidizing  ferment  was  further 
con  finned  recentlv  bv  Youchctchenko.-^  Under  the  heading  of 
"oxidizing  ferments"  of  the  thyroid  gland,  he  states  that  this 
organ  is  "rich  in  catalases."  As  I  have  shown  in  the  preceding 
chapter,  catalysis  is  a  property  of  the  adrenal  active  principle. 
He  found,  moreover,  that  "the  eatala^e,  as  well  as  the  oxidizing 
ferment,  is  contained  in  the  red  blood-corpuscles.''  This  cor- 
responds precisely  with  the  fact  T  pointed  out  several  years  ago 
in  the  first  edition  of  the  present  work.  In  keeping  also  with 
what  I  had  held  concerning  the  influence  of  the  thyroid  on 
oxidation  (partly  througli  its  influence  over  the  adrenals), 
Youchctchenko  found  that  in  doers  "thvroidectomv  was  invariably 
followed  by  a  manifest,  at  times  considerable,  lowering  of  the 

"Notkin:     Wiener  med.  Woch.,  Bd.  xlv.  S.  824  u.  872.  1895. 
2»  White  and  Davloa:     Cited  by  HaUlburton:     Practitioner.   Jan.,  1897. 
"Cited  by  Morat  and  Doyon:     Trait*  de  physlologlo,   vol.   I,   p.   467,   1904. 
**  Youchctchenko:     Archives  dea  Sciences   Blologlques  de   I'lnstltut   Imperial 
de  M6declne  Exp^rinicntale  &  St.  Petersburg,  Tome  xv,  Nos.  3  and  4,  p.  173,  1»10. 
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temperature'^ ;  **in  two  dogs/'  he  adds,  "this  oxidizing  power  fell 
almost  to  one-half  of  the  normal/' 

Yet  in  the  light  of  the  functions  I  have  ascribed  to  the 
adrenals,  and  the  functional  stimulation  these  organs  receive 
from  the  thyroid  product,  these  effects  upon  the  temperature 
should  correspond  with  a  reduction  of  the  oxyhaemoglobin,  the 
active  agent  of  which  is  adrenoxidase.  That  such  is  the  case  is 
shown  by  the  experiments  of  Albertoni  and  Tizzoni,^'  who  found 
that  removal  of  the  thvroid  caused  the  blood  to  show  decreased 
power  to  fix  oxygen;  while  Masoin**  found  that  the  relative  quan- 
tity of  oxyhcemoglohin  in  the  blood  was  diminished  gradually  as 
the  postoperative  phenomena  of  thyroidectomy  progressed. 

Another  constituent  of  thyroidin  may  be  regarded  much  in 
the  same  light,  viz.,  nucleoproteid.  Sherrington,  Milroy  and 
Malcolm,*'  and  others  have  found  that  the  granulations  of  the 
most  numerous  leucocytes  in  the  blood,  the  neutrophiles,  are 
composed  of  nucleoproteid,  while  the  observations  of  Bail,  Stokes, 
and  Wegiefarth,^  Sangree,*^  and  others  have  as  clearly  shown 
that  these  granulations  leave  the  periphery  of  the  cell.  We  shall 
see  in  the  next  volume  that  it  is  through  these  cells  that  nucleo- 
proteid reaches  the  thyroid  apparatus. 

E.  C.  Kendall*®  of  the  Mayo  Clinic,  has  isolated  from  the 
gland  a  crystalline  substance  he  has  termed  "thjrroxin,"  which 
contains  no  less  than  sixty  per  cent,  of  iodine,  and  possesses  the 
physiological  activity  of  the  gland  proper.  It  is  thought  to  act-^* 
by  the  deamination  of  amino-acids.  The  products  are  then  used 
for  the  formation  of  carbohydrates,  fats,  etc.  This  does  not, 
however,  meet  the  results  of  clinical  observation  in  hyperthy- 
roidism or  Graves's  disease  in  which  a  marked  increase  of  phos- 
phoric add  excretion  is  observed.  Be  this  as  it  may,  Kendall's 
thyroxin  is  a  valuable  addition  to  the  list  of  thyroid  derivatives 
at  our  disposal. 

That  iodine  is  the  active  agent  of  the  thyroparathyroid 
secretions  is  now  absolutely  established.     Some  observers  have 

"Albertoni  and  Tlzzoni:  Cited  by  Maragliano:  Oaz.  degli  Ospedall,  Oct. 
20.  1894. 

"^Masoin:  Bulletin  de  TAcad^inie  de  M^declne  de  Belglque,  No.  1,  p.  88. 
18d5. 

"Milroy  and  Malcolm:    Jour,  of  Phya..  vol.  xxv,  p.  106.  1899. 

"Bail.  Stokee.  and  Wegefarth:     Bull.  Johns  Hopkins  Hoep..  Pec.,  1897 

^  Sangree:     Phila.  Med.  Jour.,  Mar.   12,  1898. 

"Kendall:    Jour.  Amer.  Med.  Assoc.,  vol.  IXTi,  p.  Sll,  1916. 

••Kendall:     Loc.  cit. 
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held  that  the  tb}Toid  and  parathyroids  contain  no  iodine,  in  op- 
position to  the  findings  of  many  authorities,  but  this  must  be 
ascribed  to  defective  analytic  work.  Beebe,  while  stating  that  "the 
physiologically  active  portion  of  the  gland  secretion  is  a  protein 
substance  containing  iodine  in  a  specific  organic  combination," 
also  remarks:  "I  have  never  been  able  to  obtain  a  definite 
protein  or  proteose  from  the  thyroid  absolutely  free  of  iodine/^ 
Quantities  of  iodine  varying  from  2.05  to  13.04  mg.  per  gland 
have  been  found  by  Baumann,  Weis,  Oswald,  Rosetzki,  lolen, 
Gley,  and  others,  in  Europe,  and  Wells  (10.79  mg.)?  iii  this 
country.  Moreover,  "if  potassium  iodide  be  given  to  an  animal, 
there  is  an  increase  in  the  content  of  the  physiologically  com- 
bined iodine  in  the  gland."  As  Oswald  holds,  therefore,  the 
thyroid  product  is  an  "iodized  globulin.'^ 

Again,  as  stated  by  Parhon  and  Golstein**  in  a  general  re- 
view, referring  to  the  identity  of  the  thyroid  product,  "For- 
tunately we  are  today  better  informed  concerning  the  func- 
tions of  the  thyroid  body,  and  if  we  cannot  exclude  the  produc- 
tion of  certain  enzymes  by  the  thyroid  cells  we  can,  on  the  other 
hand,  affirm  that  their  principal  action  is  due  to  a  more  clearly 
defined  substance,  which  is  an  iodized  globulin." 

The  foregoing  analysis  has  shown  that  in  keeping  with  the 
prevailing  viewi  the  active  principle  of  the  thyroparathyroid 
secretions  is  iodine;  but  inasmuch  as  its  activity  in  this  organic 
combination  exceeds  greatly  that  of  iodine  or  its  salts,  a  property 
which  its  combination  with  a  ferment  (adrenoxidase)  explains, 
its  true  identity  is  more  accurately  expressed  by  the  term 
^Hhyroiodase,"  which  I  suggested  some  years  ago. 

Why  should  this  combination  occur?  We  will  see  presently 
that  its  purpose  is  primarily  to  insure  the  absorption  of  the 
iodine  by  the  red  corpuscles,  haemoglobin  being  the  normal  host 
of  these  cells.    Analysis  of  this  question  showed  that 

The  thyroid  and  jxiraihyroid  secretions  ultimately  re^ch  the 
superior  vena  cava  and  are  carried  to  the  pulmonary  alveoli, 
where  they  combine  atid  are  taken  up  by  the  red  corpuscles,  along 
with  the  adrenal  secretion. 

King,  over  a  century  ago,  traced  the  thyroid  secretion  to  the 
lymphatics,  and  Hiirthle  showed  that  fluids  as  well   as  their 


'^Parfaon  and  Golstein:     "S^r6tiOD8  InterneB,"   p.  16.  Paris.  1909. 
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colloid  passed  from  the  thyroid  vesicles  to  these  vessels,  a  fact 
confirmed  by  Horsley  and  others.  Baber  foimd  colloid  similar 
to  that  in  the  thyroid  within  the  lymphatic  vessels.  The  more 
recent  investigations  of  Biondi,*®  Zielinska,*^  Vassale  and  de 
Brazza'^  on  the  thyroid,  and  those  of  Welsh,*'  and  Capobianco 
and  Mazziato,**  and  others  on  the  parathyroids,  have  shown  that 
the  product  of  these  organs  passes  into  the  perivascular  lymph- 
spaces.  Being  then  transferred  to  the  larger  cervical  lymphatics, 
they  are  discharged  by  the  right  and  left  l}Tnphatic  ducts — the 
thoracic  duct,  according  to  Pembrey"^ — into  the  subclavian  veins, 
and  by  way  of  the  superior  vena  cava  to  the  heari;.  Here  they 
become  merged  with  tlie  venous  blood  of  the  entire  organism, 
forming  a  single  secretion,  which  is  then  inevitably  carried  to 
the  heart,  and  thence  to  the  lungs.  As  the  venous  blood  carrying 
the  adrenal  secretion  passes  from  below  to  these  organs  to  be 
oxygenized,  so  is  the  thyroparathjnroid  secretion  carried  from 
above  to  the  air-cells. 

All  these  facts  tend  to  controvert  the  current  view  that  the 
thyroid  and  parath3rroids  are  not  functionally  related.  .  The  fact 
is  that  the  prevailing  opinion,  referred  to  on  p.  147,  is  not  based 
on  a  broad  view  of  the  evidence  in  the  case.  My  own  conception 
sustains  and  completes  that  of  Gley,  which  admits  a  functional 
association  in  the  sense  that  one  set  of  organs  serves  to  complete 
the  work  of  the  other.  This  intimate  connection  is  shown  by  the 
observation  of  Edmunds  that,  while  extirpation  of  the  para- 
thyroids causes  histological  changes  in  the  thyroid,  removal  of 
the  latter  also  causes  degeneration  of  the  parathyroids.  More- 
over, Vassale  and  Generali^®  found  that  after  death  from  removal 
of  the  latter  the  thyroid  contained  no  colloid.  Lusena^^  noted 
the  same  fact,  thus  showing  that  the  formation  of  the  thyroid 
secretion  depends  in  some  way  upon  the  functions  of  the  para- 
thyroids. Edmunds  emphasized  this  fact  by  showing  that 
hypertrophy  of  the  thyroid  followed  parathyroidectomy,  both 
embryonic  tissue  and  vessels  showing  development.    This  survival 

«>Biondi:     Berl.   klin.   Wocb..   Bd.   xxt,   S.   954,   1888. 
"  Ziellnska:    Virchow's  Archiv,  Bd.  cxxxvl,  S.  170,  1894. 
**  Vassale  and  de  Brazza:     Arch.  Ital.  di  biol..  vol.  xxiii,  p.  292,  1895. 
"Welsh:     Jour,  of  Anat.   and  Physiol.,  Apr.,  1898. 

**  Capobianco  and  Mazziato:     Oiorn.   Int.  de  Sci.,  Nos.  8,  9,  and  10,  1899. 
"Pembrey:    Hill's  "Recent  Advances  In  Physiology,"  p.  579. 
**  Vassale  and  General!:     Riv.  di  Patol.   Nerv.  et  Ment,  vol.  1,  pp.  95  and 
249.  1896. 

n  Luaena:     Pisio-patologia  dell'Appar.    Tiro-parat..    Florence,    1899. 
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suggests  that  removal  of  the  parathyroids  is  not  as  fatal  as 
generally  believed.  Indeed,  Gley'®  had  two  dogs  survive  removal 
of  all  the  parathyroids  leaving  only  one  lobe  of  the  thyroid ;  the 
same  operation  in  two  other  dogs  and  in  a  cat  was  followed 
by  disturbances  which  became  fatal  on  removing  the  remaining 
thyroid  lobe.  In  another  dog  parathyroidectomy  caused  only 
trophic  disturbances  and  death  in  one  month.  The  same  thing 
was  observed  in  rabbits  when  two  parathyroids  only  were  left. 
Edmunds^*  also  had  two  survivals  in  dogs  after  parathyroidec- 
tomy and  deems  this  operation  less  grave  than  thyroidectomy,  an 
opinion  which  is  also  Gley's. 

Again,  Halpenny,*®  after  a  comprehensive  series  of  experi- 
ments in  the  same  direction,  writes:  "I  have  been  unable  to 
confirm  the  statement  that  complete  parathyroidectomy  invaria- 
bly proves  fatal,  and  that  in  a  short  time.  In  dogs  3  and  7, 
where  serial  sections  of  the  thyroid  removed  post-mortem  showed 
no  parathyroid,  the  animals  lived  30  and  27  days,  respectively, 
without  symptoms  and  were  killed.  In  dog  1,  symptoms  did  not 
occur,  and  at  the  post-mortem  no  parathyroids  were  found, 
although  serial  sections  were  not  cut.  In  cats  1,  6,  and  8,  in 
which  at  the  operation  the  thyroid  lobe  with  the  parathyroids  on 
one  side,  and  the  parathyroids  alone  on  the  other  side,  were 
removed,  the  animals  lived,  without  symptoms,  23  days,  25  days, 
and  30  days,  respectively,  and  were  then  killed.  In  all  three 
cases  a  careful  post-mortem  search  was  made,  and  the  remaining 
lobe  of  the  thvroid  was  cut  in  serial  sections,  and  no  traces  of 
])arathyroid  was  found.  There  is  a  tendency  to  disre<rard  those 
exceptions — ^lacC'allum  and  Davidson,^ ^  Berkeley  and  Beebe** — 
and  e\'j)lain  them  by  supposing  that  parathyroids  have  remained 
behind  unobserved.''  This  explanation  is  hardly  tenable  in  view 
of  the  numerous  examples  presented.  As  to  -accessory  glands,  as 
Vincent*^  states,  "If  accessory  glands  be  so  usually  present,  the 
question  as  to  the  importance  to  life  of  these  glands  ceases  to 
have  the  value  hitherto  attached  to  it.''  Although  I  believe  Hal- 
penny  killed  his  animals  too  soon  after  the  operation,  Parhon 


»Gley:      Brit.    Med.    Jour..    Sept.    21.    IdOl. 

"•Edmunds:     Jour,   of   Pathol,    and   Bacterlol..   Jan.,    1896. 

**•  Halpenny:     Surgery.   Gynwolo^y.   and   Obstetrics.   May,   1910. 

*'  MacCallum    and    Davidson:      Medical    News.    Apr.    8,    1905. 

^  Berkeley   and   Beebe:     Journal  of   Medical   Research,   Feb.,   1909. 

*»  Vincent:     London  Lancet,  Aug.   11  and  18,   1906. 
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and  Oolntetn^  Imving  iApmn^itl  jxif^toperative  death  (though 
wit\u)ui  UsUtnii:  pUenomeuA)  bb  much  sb  30  and  6G  days  after 
ihyroimrAiUyroidmiomj  in  the  cat,  the  fact  remains  that  added 
to  the  data  recorded  by  Gley  hii^  evidence  tends  to  weaken  the 
\'u*w  that  the  parathyroids  are  endowed  with  independent  func- 
tions, Hwale  Vincent^  in  his  recent  book  (1913),  adduces  con- 
vincing data  indicating  ^an  intimate  relationship  between  the 
two  structures/'  anatomical,  physiological,  and  pathological. 

Finally,  and  pointedly  suggesting  a  combined  function,  we 
have  fteen  that  a  transplanted  or  grafted  piece  of  thyroid  tissue, 
tree  of  all  parathyroid  tissue,  assumes  the  functions  of  both  Bets 
of  organs,  arrests  the  convulsive  disorders  due  to  extirpation  of 
the  parathyroids  alone,  and  prevents  death. 

All  this  clearly  points  to  a  functional  connection  (probably 
a  nervous  one  to  co-ordinato  the  relative  proportions  of  their 
secreiionn)  between  tln^ne  two  sets  of  organs,  and  thus  insures 
the  ultimate  formation  in  the  lungs  of  a  perfect,  i.e.,  physio- 
logical, thyroparathyroidal  product. 

The  purpose  of  this  itinerary  suggests  itself  when  we  recall 
that,  as  stated  by  Nothnagel  and  Rossbach,^*^  haemoglobin  can  fix 
large  quantities  of  iodine.  It  accounts  also  for  the  fact  that 
Gley**  and  Bourcet  found  iodine  in  the  red  corpuscles.  Being  a 
component  of  the  albuminous  haemoglobin  of  these  cells  with 
adronoxidase,  however,  iodine  should  be  found  in  all  tissues. 
While  Bourcet*^  ascertained  that  such  was  the  case,  Justus*" 
found  it  in  all  cellular  nuclei,  so  rich  as  is  well  known  in 
phosphorus.  This  simultaneous  presence  of  iodine  and  phos- 
phorus in  the  nuclei,  and  also  of  iodine  in  the  red  corpuscles, 
suggests  the  nature  of  process  carried  on  in  the  cells :  viz., 

The  ihyroparaihifroid  conslitiLent  of  the  hcemoglobin  en- 
hances oxidation  by  increasing,  as  a  ferment,  the  vulnerability  of 
the  phoaphoms,  which  ail  cells,  particularly  their  nuclei,  contain, 
to  oxidation  by  the  adrenoxidase  in  the  blood. 

This  action  is  strikingly  ^hown  by  the  fact  that  iodine,  the 
active  constituent  of  the  thyroid  secretion,  and  its  salts,  as  shown 
by  Henri joan  and  Corin,**  Handfield  Jones,**®  and  others,  cause 

««  Parhon  and  Qolitetn:     **8ter«tton8  Internes,"  pp.  607  and  609.  Parts,  UM. 

«*Nothnasel  and  Rosabach:     "TberapeuUque."  p.  261,  1889. 

««aicy:     La  Semaine  mMicale.  May  25.  1898. 

♦'  llourcet:    Cited  by  Morat  and  Doyon:    Trait*  de  phyiiologie.  i,  p.  470,  1904. 
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excessive  dimination  of  phosphates  and  phosphoric  acid,  and  that 
thyroid  preparations,  according  to  Roos,  Scholtz/^  Pouchet,'^- 
and  others,  act  in  the  same  way.  ^'Emphasis  must  be  laid," 
writes  Chittenden,*'  "upon  the  apparent  connection  between  the 
thyroid  gland  and  phosphoric  acid  metabolism,"  giving  as 
example  "the  increased  excretion  of  P2O5  after  feeding  thyroids 
to  normal  animals,  and  the  great  decrease  in  the  case  of  animals 
v;ith  the  thyroids  removed." 

The  untoward  effects  of  large  doses  of  thyroid  preparations 
on  the  nervous  system,  owing  to  its  wealth  in  phosphorus 
and  fats,  as  manifested  by  tremor,  tachycardia,  optic  neuritis 
(Coppez**),  etc.,  also  bespeak  a  marked  influence  on  this  element; 
Cyon,^'*  in  fact,  found  that  injections  of  iodothyrin  excited  the 
depressor  nerve  directly  to  such  a  degree  that  the  vascular 
pressure  often  declined  to  two-thirds  of  the  normal. 

A  familiar  action  of  the  thyroid  preparations  is  a  rapid 
reduction  of  fat  in  obese  subjects  when  full  doses  are  admin- 
istered. The  presence  in  the  fat-cell  of  a  nucleus  rich  in  phos- 
phorus whose  purpose  is  promptly  to  promote  oxidation  of  the 
fat  when  the  organism  requires  additional  carbohydrates  explains 
this  action. *^  SchondoHP*  found  that  the  reserve  fats  could  be 
exhausted  before  the  nitrogenous  tissues  were  affected. 

The  mode  of  action  of  the  thyroid  active  principle,  iodine, 
is  suggested  by  the  presence  of  this  halogen  in  all  nuclei,  as 
shovni  by  Justus"'^  and  others.  This  means  that  iodine  is  found 
wherever  phosphorus  is  present,  while,  as*  shown  above,  it  is 
niost  active  where  phosphorus  is  known  to  be  most  plentiful. 
Now,  chemistry  furnishes,  as  previously  stated,  a  clue  to  the 
manner  in  which  the  phenomena  I  have  enumerated  occur:  "If 
a  fragment  of  phosphorus  lying  on  a  plate  is  sprinkled  with 
iodine,"  writes  Wilson,*^**  "the  substances  unite,  and  heat  enough 
is  produced  to  kindle  the  phosphorus."  Nitrogen,  hydrogen,  and 
olilorine  are  ubiquitous  conj^tituents  of  our  tissues,  and  the 
vigorous  explosives  they  form  with  ])hosphorus  and  the  intense 


«  ScholU:     Centralbl.  f.   inn.  Med.,  Bd.  xvl,  S.  1041.  1069;  1895. 

"  Pouchet:     BuU.  g^n.  de  th6rap.,  Sept.  15,  1905. 

"Chittenden:     Trans.  Cong.  Amer.  Phjrs.  and  Surgs..  Iv,  p.  93.  1897. 
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■•Cyon:    Arch,  de  physiol..  x.  p.  618,  1898. 
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liberation  of  heat  the  reactions  entail  are  familiar  features  of 
the  laboratory.  Eoos^®  found  that  in  a  dog  in  nitrogenous 
equilibrium  iodothyrin  "caused  at  once  a  marked  increase  in  the 
output  of  sodium,  sodium  chloride,  and  phosphoric  oxide/*'® 

Finally,  as  stated  in  the  italicized  postulate,  "the  thyro- 
parathyroid  constituent  of  the  haemoglobin  enhances  oxidation  by 
increasing,  as  a  ferment,  the  vulnerability  of  all  cells**  to  the 
action  of  adrenoxidase.     That  is  shown  by  many  facts. 

Chantomcspe  and  Marie,  Ballet  and  Enriquez,*^*  Boume- 
ville,**-  Shattuek,*^  Lorand,®*  and  many  other  clinicians,  including 
myself,  have  noted  that  thyroid  preparations  caused  a  rise  of 
temperature  of  several  degrees.  These  observations  are  con- 
trolled by  those  of  Stiive  and  Thiele  and  Nehring,**  that  thyroid 
extract  increases  over  20  per  cent,  the  oxygen  intake  and  to 
nearly  as  great  a  degree  the  carbonic  acid  output.  This  is 
evidently  produced  by  the  active  agent  of  the  thyroid  secretion, 
iodine,  for  this  halogen  itself  increases  oxidation  as  well.  Thus, 
Rabuteau,  Milanese,  and  Bouchard,''  Henrijean  and  Corin'^ 
have  all  noted  an  increase  of  nitrogen  excretion.  Wood'®  and 
Cushny'®  state,  in  fact,  that  iodine  can  produce  fever.  Heinrich 
Stem'®*  noted  a  rise  of  temperature  at  times  of  3**  P.  in  cases  of 
hyperthyroidia. 

Removal  of  the  thyroid,  on  the  other  hand,  lowers  oxidation. 
Albertoni  and  Tizzoni,  and  Magnus-Ijcvy^®  found,  for  example, 
tliat  this  procedure  decreased  markedly  the  output  of  carbon 
dioxide,  and  that  it -caused  hypothermia.  The  fall  of  tempera- 
ture is  gradual,  according  to  Lorrain-Smith,^*  and  most  marked, 
according  to  Rouxeau,"^^  at  the  end  of  the  operation.  The  pro- 
portion of  red  corpuscles  is  reduced,  according  to  Moussu.^^ 
Reverdin  observed  in  man  that  the  haemoglobin  was  also  dimin- 
ished,  while    Horsley   noted    increased    sensitiveness    to    cold. 

"  Roos:    Mfinch.  med.  Woch..  No.  47.  S.  1157,  1898. 

«>  Cited  by  Chittenden:    hoc.  Ht.,  p.  98. 

•1  Ballet  and  Enriquez:    Cited  by  Popoff:    Arch.  g6n.  de  m6d.,  Oct,  1899. 

«*  Bournevllle:    Arch,  de  neurol..  Sept.,  1896. 

^Shattuck:    Boston  Med.  and  Surg.  Jour.,  June  30,  1904. 

•*Lorand:    Lancet,  Nov.  9,  1907. 

«  Thiele  and  Nehrlng:    Zelt.  f.  kiln.  Med.,  xxx,  S.  41.  1896. 

«  Bouchard:     C.-r.  de  la  Soc.  de  Biol.,  pp.  227.  237.  1873. 

•T  Henrijean  and  Corin:    Arch,  de  pharmacodyn.,  II,  1896. 

«Wood:    "Therapeutics,"  13th  ed..  p.  499,  1906. 

••Cushny:    "Pharmacology  and  Therapeutics,"  4th  ed.,  p.  514,  1906. 

••■  Stern:    Archives  of  Diagnosis.  July.  1911. 

'^  Magnus- Levy:    Zeit.  f.  kiln.  Med.,  Bd.  xxxlii.  S.  269.  1897. 

"  Lorratn-Smlth:    Jour,  of  Physiol.,  vol.  xvl,  p.  378.  1894. 

"Rouxeau:    Arch,  de  physlol..  vol.  xxix.  p.  136,  1897. 

"Mou88u:    C.-r.  de  la  Soc.  de  Biol.,  p.  772,  1903. 
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Albertoni  and  Tizzoni  and  Maeoin  found  that  the  blood  contained 
less  oxygen  than  normally. 

This  applies  as  well  to  removal  of  the  parathyroids,  which 
was  found  by  .Teaudelize'*  also  to  lower  the  temperature.  That 
the  thyroid  apparatus  can  itself  raise  the  temperature,  ia  shown 
by  the  febrile  process  and  sense  of  heat  with  flushing  observed  in 
the  sthenic  stage  of  exophthalmic  goiter,  i.e.,  when  the  thyroid 
apparatus  is  still  overactive.  When  tbjToid  extract  is  given  to 
BUfh  cases,  the  exchanges  may  be  increased  to  a  surprising  degree 
— 77  per  cent,  in  a  ease  observed  by  Hirschlaff."  The  disease 
may  in  fact  be  brought  on  by  thyroid  preparations,  aa  noted  by 
Notthatt'*  and  other  clinicians. 

Still,  as  Chittenden  stateB,"  "according  to  Baumann,  doses 
of  1  milligramme  of  iodothyrin,  which  contain  only  0.1  milli- 
gramme of  iodine,  will  produce  a  decided  effect  upon  a  goiter 
after  three  or  four  applications,  thus  clearly  indicating  that  it 
is  not  the  iodine  per  se  that  is  effective,  but  rather  tlie  iodine 
compound."  This  will  recall  the  observations  of  Notkin  and 
White  and  Davies  that  the  action  of  the  adrenal  secretion 
resembles  that  of  an  organized  ferment,  and  my  own  that  the 
adrenal  principle  witli  which  the  iodine  ia  combined  endows  it 
with  the  properties  of  a  ferment,  the  purpose  being  probably  to 
increase  the  activity  of  the  iodine  on  the  cellular  phosphorus. 

THE  THYKOPARATHYHOID  SECRETION  AS  WRIGHT'S  OPSONIN. 
Fraenkel  isolated  from  the  thyroid  what  he  termed  a 
"thyroantitoxin,"  which  he  thought  served  to  neutralize  in  the 
gland  itself  toxic  substances  brought  to  it  by  the  blood.  Notkin 
also  separated  a  substance  he  called  "thyroproteid,"  a  product  of 
tissne  exchanges  which  he  believed  reached  the  organ,  to  be 
destroyed  therein  by  a  ferment,  thyroidin,  formed  locally.  These 
and  all  other  theories,  including  Blum's,  which  restrict  the 
antitoxic  process  to  the  gland  itself  have  not  stood  the  test  of 
time.  These  conceptions  are  now  only  of  historical  interest, 
many  investigators  having  shown  that  whatever  function  the 
thyroparathyroid  apparatus  may  carry  on  should  be  attributed 


164  THTROPARATHTROID  APPARATUS. 

to  the  passage  of  its  secretion  into  the  blood,  in  which  its  active 
principle,  in  organic  combination,  has  been  found  by  Gley, 
Bourget,  and  others,  both  in  man  and  the  lower  animals.  The 
evidence  submitted  in  the  foregoing  pages  fully  sustains  this 
position. 

What  the  prevailing  views  are  concerning  the  role  of  the 
thyroid  secretion,  and  what  my  own  researches  represent  in 
respect  to  them,  may  be  graphically  illustrated  by  quoting  the 
recently  published  words  of  Youchctchenko,  of  the  Institute  of 
Experimental  Medicine  of  St  Petersburg,^*  "Some  suppose 
that  it  [the  secretion  of  the  th\Toid]  is  necessary  for  the  develop- 
ment of  the  bones,  the  digestion,  the  nervous  system,  etc.;  others 
express  the  opinion  that  it  fills  the  role  of  antitoxin,  which 
renders  non-toxic  the  toxic  products  of  nutritional  exchanges; 
others,  finally,  affirm  that  the  toxic  substances  elaborated  in  the 
economy  are  transformed,  under  the  influence  of  the  ferment  in 
the  tliyroid,  into  substances  necessary  and  even  indispensable  to 
the  life  of  the  organism." 

If  the  function  I  ascribe  to  the  thyroid  apparatus  was  clearly 
defined  in  the  foregoing  pages,  it  will  be  seen  that  they  harmonize 
all  those  outlined  by  Youchctchenko.  The  labilizing  or  sensitiz- 
ing action  I  attribute  to  the  iodine  (in  organic  combination)  on 
tissue  phosphorus  explains  the  action  of  the  thyroid  product 
upon  **the  development  of  bones,  the  digestion,  the  nervous 
system,"  etc.,  since  it  is  an  essential  feature  of  their  metabolism 
— tliat  wliich  renders  all  tissues  susceptible  to  adequate  oxidation, 
the  underlying  factor  of  normal  development  and  function.  The 
"transformation  under  tlie  influence  of  the  ferment  in  the 
thyroid''  is  naught  else  than  the  above  process  carried  out,  we 
have  seen,  under  the  influence  of  a  fennent  and  the  organic 
iodine,  t.^.,  by  what  I  have  termed  "thyroiodase/*  As  to  its  role 
as  "antitoxin,''  we  shall  now  see  that  it  is  also  a  feature  of  the 
same  process. 

Youclictchenko  attributes  to  ^larbe,  Malvoz,  Fassin, -and 
Stepanoff  (the  first-  and  last-  named  investigators  being  of  the 
Pasteur  Institute)  the  credit  of  having  first  connected  the  thyro- 
parathyroid  secretion  with  the  modern  conception  of  immunity, 
which  takes  into  account  the  presence  of  alexins,  opsonin,  etc., 

™  Youchctchenko:    Loc.  cit..  Tome  xv,  Nob.  3  and  4,  1910. 


THE  THYROID  SECRETION  AS  WRIGHTS  OPSONIN.  165 

in  the  blood ;  but  this  is  an  oversight  which  L6opold-Levi  and  H. 
de  Bothschild,  of  Paris,  corrected  in  their  recent  work^*  when 
they  wrote:  "Sajous  has  attributed  to  the  secretion  of  the 
thyroid  gland  an  action  which  he  deems  similar  to  that  of  the 
opsonins  and  to  autoantitoxins.  More  recently.  Miss  Fassin, 
M.  Stepanoff,  M.  Marb6  have  confirmed  on  their  side  the  influ- 
ence of  the  thyroid  on  the  blood's  asset  in  alexins  and  opsonins. 
All  these  researches  explain  the  mechanism  of  everyday 
infections.'' 

That  I  am  entitled  to  the  priority  of  this  discovery  will  be 
shown  presently  in  the  course  of  the  evidence  in  support  of  my 
contention,  advanced  several  years  ago,*®  that 

The  thyroparathyroid  secretion  increases  the  germicidal  and 
antitoxic  power  of  the  blood  by  endowing  the  albuminous  portion 
of  the  hcemoglobin  with  sensitizing  properties.  As  such,  it  is 
the  blood  constituent  Sir  A.  E.  Wright  has  termed  "opsonin/* 

Bordet's  sensitizing  substance,  or  "sensibilisatrice,"  was 
thought  by  this  investigator  and  also  by  von  Dugem  to  appear  in 
the  blood  under  the  influence  of  the  red  corpuscles.  Nolf** 
showed,  however,  that  it  is  owing  to  an  action  of  the  alexins  or 
complement  upon  these  cells  that  "the  contents  of  the  latter"  are 
caused  to  leave  them;  he  found  also  that  "the  injection  of  the 
corpuscular  contents  incites  haemolysis."  Now,  Savtchenko'*^  has 
pointed  out  that  the  "sensibilisatrice"  is  endowed  with  specific 
opsonic  properties,  acting  both  on  bacteria  and  leucocytes — the 
identical  sensitizing  action  discovered  by  Denys  and  Leclef^^  in 
1895,  and  which  Sir  A.  E.  Wright  has  since  studied  with  such 
promising  results.  Suggestive  in  this  connection  is  Nolf's 
statement  in  reference  to  the  production  of  antibodies  that  "it  is 
solely  to  the  injected  red  corpuscles  that  the  power  to  bring  forth 
these  new  substances  must  be  attributed."  When  this  is  coupled 
with  Barratt's***  observation  that  opsonins  "are  also  produced  by 
injecting  red  blood-cells  in  the  peritoneal  cavity"  of  experimental 
animals,  and  also  Briscoe's®'  to  the  effect  that  opsonin  is  present 


'» L4opold-L6vi  and  Rothschild:     "Physio-pathology  of  the  Thyroid  Body," 
etc.    1911 

»  Sajous:     See  yol.  1,  1st  ed.,  p.  762.  1903.  and  vol.  il.  p.  1093.  1907. 

^  Nolf :    Annales  de  llnstitut  Pasteur,  xiv,  pp.  297  and  492.  1900. 

"Savtchenko:     Ibid.,   xvi.    p.    106.    1902. 

"Denys  and  Leclef:     "La  Cellule."  xl.  p.  198.  1895. 

'*BaiTatt:     Proc.  Royal  Soc.  of  London.  Ixxvl,  p.  534,  1905. 

*  Briscoe:     London  Lancet,   Sept.   7,   1907. 
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in  the  fluid  of  the  peritoneal  cavity,  which  normally  contains  no 
phagocytes,  it  becomes  evident  that  opsonin  is  a  product  of  the 
red  corpuscles. 

Under  these  conditions,  however,  the  administration  of 
thyroid  preparations  should  increase  the  immimizing  properties 
of  the  blood,  and  particularly  its  opsonic  activity.  As  to  the 
former,  I  was  led  to  conclude,  in  1903,®*  by  an  analysis  of  the 
whole  question,  that  the  injection  of  various  bacterial  toxins  in 
man  and  in  the  lower  animals  excited  more  or  less  actively  ac- 
cording to  their  virulence  the  pituitary,  adrenals,  and  thyroid 
(constituting  what,  as  we  shall  see  in  another  chapter,  I  termed 
the  "adrenal  system*'),  and  that  ^H;he  various  antitoxic  sera  are 
more  or  less  active  in  proportion  as  to  the  quantity  of  thyro- 
iodine  in  them  is  great."  Four  years  later.  Miss  Fassin*^  found 
not  only  that  removal  of  the  thyroid- decreased  the  germicidal 
and  haemolytic  alexins  in  the  blood,  but  that  the  administration 
of  thyroid  by  any  method  increased  materially  these  same  alexins. 
That  this  actually  increases  the  defensive  power  of  the  body  was 
also  noted  by  Beid  Hunt,*®  who  found  that  when  mice  were  fed 
on  small  amounts  of  thyroid  they  showed  marked  resistance  to 
poisoning  by  acetonitrile.  Ever  since  the  gland  has  been  used 
as  a  therapeutic  agent,  in  fact,  it  has  been  found  useful,  though 
empirically,  in  intoxications  of  various  kinds.  L^opold-Levi  and 
de  Rothschild,**  for  example,  observed  clinically  that  thyroid 
treatment  rapidly  influenced  favorably  autointoxications  and 
exogenous  infections,  including  er}^sipela8.  Turr6®®  found  that 
the  juices  of  swine  and  sheep  thyroids  dissolved  almost  en- 
tirely  the  comma,  typhoid,  and  anthrax  bacilli,  the  bacillus  coli 
communis,  and  the  streptococcus.  Conversely,  dogs  were  found 
by  Charrin®^  to  succumb  readily  to  infections,  after  removal  of 
the  thyroid.  That  toxic  intermediate  wastes  or  other  toxics  are 
not  destroyed  adequately  in  thyroidectomized  animals  is  shown 
by  the  observation  of  Gley*^  that  the  blood-serum  of  thyroid- 
ectomized dogs  is  more  toxic  than  normal  serum,  and  gives  rise 
to   convulsions   when   injected   into   animals.     Jeandelize   and 

"  Sajous:    See  vol.  1,  lat  ed.,  p.  762,  1303. 

^  Fassin:    C.  r.  de  la  Soc.  de  biol.,  Mar.  9  and  26  and  Apr.  20.  1907. 

*  Hunt:     Jour.  Amer.  Mtd.  Assoc,  July  20.  1907. 

"*  Lftepold-L6Ti  and  de  Rothschild:     Loc.  cit. 

*>  Turr6:    C.  r.  de  la  Soc.  de  biol.,  Ix.  p.  464,  1906. 

*^  Charrin:    Les  Defenses  Naturelles  de  rOrganisme,  Paris,  1898. 

•■  Oley :    Archives  de  Physiologic,  No.  4,  p.  770,  1896. 
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Perrin**  also  found  that  thyroidectomized  rabbits  presented  less 
resistance  to  poisoning  by  sodium  areenas  than  normal  animals. 
Lorand  observed  the  same  fact  in  connection  with  chloroform 
narcosis.  De  Luca  and  d'Angerio**  and  others  have  found,  more- 
over, that  the  urine  in  thyroidectomized  animals  contains  a 
greater  percentage  of  toxic  substances  than  normal,  and  that  the 
therapeutic  use  of  thyroid  in  these  animals  counteracted  this 
toxicity.  It  is  thus  apparent  that  the  evidence  from  every  phase 
of  the  question  points  to  the  thyroid  secretion  as  an  important 
factor  in  the  immunizing  processes  of  the  body. 

The  process  through  which  the  thyroparathyroid  secretion 
carries  on  this  important  function  differs  in  Iio  way  from  that 
which  enables  it  to  sustain  metabolism  and  nutrition.  As  stated 
by  Jordan  :•'  *The  bodies  of  bacteria  contain  from  about  80  to  88 
per  cent,  of  water,  the  amount  showing  considerable  variation 
and  depending  partly  on  the  nature  of  the  organism,  partly  of 
the  culture-medium.  The  ash  is  largely  phosphoric  acid,  the 
P2O5  often  reaching  as  high  as  half  the  total  ash  weight  (tubercle 
bacillus,  55.23  per  cent.;  de  Schweinitz  and  Dorsett®')."  Bac- 
teria, therefore,  in  keeping  with  many  of  our  tissue-cells,  are 
relatively  rich  in  phosphorus  and  correspondingly  vulnerable  to 
the  action  of  the  thyroiodase.  As  the  latter,  in  turn,  renders  the 
phosphorus  prone  to  oxidation  by  the  plasmatic  adrenoxidase,  the 
whole  pathogenic  micro-organism  is  rendered  unstable  chemic- 
ally and  vulnerable  to  the  digestive  influence  of  the  blood\s 
germicidal  agents — which  in  the  above  sense  include  both  the 
th>Toparathyroid  and  adrenal  products  acting  conjointly. 

On  the  whole,  the  evidence  and  the  confirmatory  testimony 
submitted  under  the  last  two  headings  have  shown: — 

1.  The  thyroparathyroid  secretion  and  the  thyroid  preparor 
lions  used  therapenticaUy  act  by  increasing  the  sensitiveness  of 
the  phosphorus  of  all  cells,  particularly  their  nuclei,  to  the 
oxidizing  action  of  the  adrenoxidase,  and  thus  enhance  metab- 
olism and  nutrition. 

2.  They  also,  in  virtue  of  this  action,  augment  the  auto- 
protective,  or  immunizing ,  power  of  the  blood,  by  increasing  the 

••Jeandeli^e   and    Perrin:     Reunion    blol.    de   Nancy;    cited    by   Parhon   and 
Oolstein.    loc.   cit.,    p.   554.    1909. 

**  De  Luca  and  d'Angerio:     Revista  mediea  e  terapeutica.  No.  9,  IS96. 

••Jordan:    "General  Biology,"  2d  ed..  p.  67,  1910. 

«>  De  Schweintu  and  Doraett:    Centralbl.  f.  Bakt,  Bd.  22.  S.  209.  1897. 
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sensitiveness  {as  opsonin)  of  all  bacteria,  their  toxins,  endo- 
toxins, toxic  wastes,  etc,  that  contain  phosphorus  to  oxidation, 
and  thereby  to  the  digestive  or  destructive  action  of  the  comple- 
ment, both  in  the  blood  and  in  its  phagocytes. 

As  will  be  shown  elsewhere  in  this  work,  this  represents  the 
foundation  (with  the  adrenal  and  pancreatic  secretions  as  addi- 
tional factors)  of  the  autoprotiective  process,  including  the 
germicidal  cytase  of  phagocytic  cells.  It  traces  them  to  their 
origin  and  furnishes  their  identity,  features  which  Ehrlich's 
labors  have  not,  so  far,  determined. 

THE   PITUITARY  BODY  AS  THE  SEAT  OF 
THYROPARATHYROID  CENTER. 

So  important  are  the  functions  of  the  thyroparathyroid  ap- 
paratus that  we  cannot  but  surmise  that,  in  keeping  with  many 
other  and  far  less  prominent  functions,  they  are  regulated  by  a 
center.  The  evidence  available,  a  part  of  which  is  given  below, 
and  in  the  second  volume,  indicates  that  such  is  the  case. 

That  it  should  be  the  same  center  which  we  have  seen 
governs  the  functions  of  the  adrenals  is  not  only  sustained  by 
what  evidence  there  is  on  the  subject,  but  also  by  logical  reason- 
ing, since  the  two  centers  which  regulate  oxygenation,  metabo- 
lism, and  nutrition,  thus  conjoined,  are  placed  in  the  most  ad- 
vantageous position  to  co-ordinate  these  all-important  functions. 

The  first  clue  to  such  a  functional  relationship  was  afforded 
by  the  fact  that 

The  active  and  passive  phenomena  evoked  by  the  pituitary 
body  and  the  thyroid  apparatus  shoiv  conmderable  parallelism. 

We  have  seen  that  removal  of  either  the  pituitary  or  the 
thyroid  causes  a  steady  decline  of  the  temperature  with  de- 
creased oxygen  intake  and  carbon  dioxide  output,  and  also 
weakness,  tetany,  and  even  epileptic  convulsions,  while,  con- 
versely, overactivity  of  either  organ  provokes  excessive  metabo- 
lism with  increase  of  oxygen  intake  and  carbon  dioxide  output, 
and  glycosuria.  We  arrest  nutrition  by  removing  either  the 
pituitary  or  the  thyroid,  just  as  degenerative  changes  in  eitlier 
organ  entails  denutrition  lapsing  into  fatal  cachexia.  The 
sthenic  stage  of  acromegaly  and  gigantism  strikingly  illustrates 
the  power  of  the  pituitary  to  incite  excessive  nutrition  and  over- 


THB  PrrUITART  AS  THTROPARATHTROID  CBNTBR.  169 

growth;  the  rapid  growth  of  the  cretin  under  the  influence  of 
thyroid  preparations  exemplifies  what  the  thyroid  apparatus  can 
do  in  the  same  direction. 

The  simultaneous  presence  of  degeneration  of  the  pituitary 
and  myxoedema  in  cases  reported  by  Ponfick/^  J.  Stewart, 
Codd,**  Sainton  and  Rathery,**  and  others;  and  of  acromegaly 
with  exophthalmic  goiter  by  Murray/®®  Lancereaux,*®*  and 
others  (two  diseases  which,  as  emphasized  by  Lorand,  not  only 
present  many  characteristics  in  common,  but  which,  as  observed 
by  Magnus-Levy,*®*  are  attended  by  excessive  oxidation)  clearly 
suggest  functional  parallelism.  This  is  further  emphasized  by 
the  enlargement  of  both  organs  during  pr^nancy  indicated  by 
the  labors  of  Comte,*®*  Launois  and  Mulon,"*  and  Lang*®*  and 
its  subsidence  when,  after  parturition,  the  blood  no  longer  receives 
the  excess  of  wastes  that  the  presence  of  the  foetus  involved. 
On  the  whole,  we  can  certainly  say  with  Thaon*®*  that  ^Tbetween 
the  pituitary  and  the  thyroid  there  is  so  much  analogy  that  the 
one  cannot  be  studied  without  a  knowledge  of  the  other.'' 

2jOology  affords  various  landmarks  in  the  same  direction. 

The  pituitary  body  governs  oxygenation,  metabolism,  and 
nutrition  in  ail  animals  supplied  with  a  thyroid  gland  and 
adrenals. 

In  tunicata,  the  homologue  of  the  thyroid,  according  to 
zoologists,  is  the  endostylc,  a  long  gland  at  the  base  of  the 
pliarynx  eloeely  related  to  the  branchial  or  respiratory  chambers. 
The  adrenals  in  these  invertebrates  are  represented,  as  personal 
researches  have  suggested,  by  the  dorsal  tubercle,  which  is  so 
related  to  the  respiratory  chamber  that  its  product,  which  cor- 
responds with  the  adrenal  secretion,  can  be  secreted  into  the 
blood  near  the  oral  aperture,  the  inlet  for  the  water  which 
supplies  the  animal  with  oxygen.  Suggestive  in  the  light  of  the 
views  I  have  submitted  is  that  the  dorsal  tubercle — ^the  primitive 
organ  of  the  adrenals  from  my  viewpoint — is  connected  by  a 


^'Ponflck:    Zeit.  f.  kiln.  Med.,  xxxviii.  Nos.  1.  2,  u.  8,  1900. 
"Codd:     British  Medical  Journal,  May  5.  1895. 

**  Sainton  and  Rathery:    C.  r.  de  la  Soc.  mM.  des  hdpitaux.  May,  1908. 
*>^  Murray:     Edinburgh  Medical  Journal,  February.  1897. 
<**  Lanccreaux:     La  Semaine  m6dicale,  June  24,  1896. 
'''Magnus-Levy:     British   Medical   Journal,   April   3,   1903. 
"'Comte:    Thtoe  de  Lausanne,  1898. 
^Launois  and  Mulon:    Ann.  de  gyn6c.  et  d'obst^t.,  2d  series,  1,  p.  2.  1904. 
<*Lang:    Zeit.  f.  Geburta.  u.  Oynftk.,  xl,  p.  34,  1889. 
>M  Thaon:    Loc.  cit.,  p.  lltf. 


170  THYROPARATHYROID  APPARATUS. 

delicate  duct  witli  an  organ,  the  subneural  gland,  which  Julin, 
as  we  shall  see  presently,  has  identified  as  the  hypophysis,  while 
the  endostyle,  the  primitive  thyroid,  along  with  all  other  organs, 
receives  nerve-fibers  from  a  nerve-ganglion  attached  to  this 
ancestral  pituitary. 

Two  important  facts  impose  themselves  in  this  connection: 
Tlie  first  is  that,  as  stated  by  Jacques  Loeb^®^  in  reference  to  a 
group  of  these  invertebrates,  "the  central  nervous  system  is  re- 
duced to  a  single  ganglion";  the  second  is  that  this  single 
ganglion  corresponds  with  the  neural  or  posterior  lobe  of  the 
pituitary.  Just  as  the  nerve-ganglion  governs  the  functions  of 
the  primitive  thyroid  and  adrenals,  that  is  to  say,  the  respiratory 
processes  in  these  lowly  animals,  so  can  it  be  shown  to  do  at 
every  step  of  the  phylogenetic  scale  up  to  man,  since  it  preserves 
its  functional  importance  throughout.  The  snail,  for  example, 
is  supplied  with  both  a  cerebral  and  an  oesophageal  ganglion; 
galvanic  excitation  of  the  cerebral  ganglion,  as  shown  by 
Vulpian,  produces  no  appreciable  effect;  but  similar  excitation 
of  the  lower  or  pharyngeal  ganglion,  the  future  neural  lobe  of 
the  pituitary,  provokes  violent  muscular  movements.  Again, 
removal  of  the  cerebral  ganglion  will  not  kill  the  animal,  but 
it  will  remain  motionless.  Extirpation  of  the  oesophageal  gan- 
glion, on  the  other  hand,  causes  its  death  in  less  than  twenty-four 
hours.    All  this  applies  as  well  to  other  invertebrates. 

We  can  assimilate  all  the  vertebrates  to  these  primitive 
forms  by  removing  the  brain.  That  the  respiratory  mechanism 
or  the  processes  it  influences  are  not  in  the  least  impaired  by  this 
operation  was  shown  when  we  traced  the  governing  centers  of 
this  mechanism — to  which  the  thyroid  belongs — ^to  the  pituitary. 
The  well-known  Cornell  frog  lived  several  years  after  its  brain 
had  been  removed.  The  decerebrated  pigeon  is  a  familiar 
example  of  this  kind.  Another  is  Goltz^s  dog  which  lived 
eighteen  months  after  both  its  hemispheres  had  been  removed. 
Conversely,  we  have  seen  how  rapidly  extirpation  of  the  pituitary 
proves  fatal  in  the  higher  mammals,  just  as  it  does  in  the  low 
invertebrates  when  the  oesophageal  ganglion  is  extirpated.  We 
found  that  all  the  lethal  phenomena  are  due  to  arrest  of  respira- 
tion and  oxidation,  both  of  which  processes  are  carried  on 
through  the  adrenals  and  the  thyroids.    Again, 

uT  Jacques  Locb:     "Studies  io  General  PhyBlology,"  part  I,  p.  363.  1906. 


THK  PITUITART  AS  THTROPARATHTROID  CENTER.  171 

III  vertebrates  the  pitttitary  body  is  connected  with  the 
ihjfroparathyraid  apparatus,  as  it  is  with  the  adrenals,  by  direct 
nerve-paihs. 

The  thyroid  apparatus,  as  all  textbooks  teach,  receives  its 
nerves  from  the  sympathetic  through  the  middle  and  inferior 
cervical  ganglia.  That  they  originate  in  the  pituitary  is  shown 
not  only  by  the  presence  of  typical  sympathetic  fibers  between 
the  pituitary  and  the  upper  connections  of  the  spinal  system 
with  the  cervical  sympathetic,  but  also  by  the  effects  of  electrical 
excitation  of  the  exposed,  but  normal  pituitary. 

As  to  the  origin  of  the  nerves,  Cajal,^®*  Joris,^®*  and  others, 
we  have  seen,  traced  in  various  animals  fibers  from  the  pituitary 
to  a  nucleus  of  large  gray  cells  immediately  above  the  inf un- 
dibulum  in  the  anterior  portion  of  the  third  ventricle,  which 
nucleus  was  found  by  them  to  project  nerves  over  the  ventricular 
walls.  These  nerves  are  also  described  by  Edinger**®  in  fishes, 
reptiles,  and  birds  as  "numerous  fine,  meduUated  fibers" — ^the 
characteristics  of  sympathetic  nerves,  as  shown  by  Bidder  and 
Yolkmann.  In  illustrations  of  sections  in  various  animals, 
Edinger  shows,  moreover,  that  several  bundles  of  these  fibers 
project  posteriorly  as  far  as  the  level  of  the  bulb,  whence,  as  is 
well  known,  the  fibers  which  pass  over  to  the  sympathetic  ganglia 
begin  to  leave  the  spinal  system.  As  the  ganglia  are  the  starting 
points  of  sympathetic  nerves  to  the  various  organs,  we  thus  have, 
through  these  ganglia,  a  continuous  path  from  the  pituitary  to 
these  organs.  This  is  sustained  by  physiolog}^,  since  Cyon  and 
also  Masay*^^  caused  an  instantaneous  rise  of  pressure  of  over 
100  mm.  Hg.  by  exciting  electrically  the  exposed  pituitary.  As 
the  vagi  were  cut  during  the  experiment,  and  the  vasomotor 
center  is  independent  and  located  in  the  bulb,  the  rise  of  pres- 
sure could  only  be  due  to  general  sympathetic  vasoconstriction. 
I  will  show  in  the  second  volume  that  the  pituitary  has  a  con- 
trolling power  over  the  syin pathetic  system. 

When  the  influence  of  the  pituitary  over  the  adrenals  was 
analyzed,  it  was  possible  to  trace  step  by  step  along  the  path 


»"CaJal:    Loc.  cit. 

'«JorlB:    Loc.  eit. 

^^  Edinger:  "Anatomy  of  the  Central  Nervous  System,"  American  edition,  p. 
260.  1899. 

^  Maaay:  Ann.  de  la  Soc.  roy.  dee  bcI.  m6d.  et  nat.  de  Bruzelles,  xii, 
part  m.  1903. 
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between  the  two  organs  all  the  main  phenomena  which  both 
were  able  to  provoke.  In  the  case  of  the  thyroid  we  are  deprived 
of  this  valuable  testimony.  As  Morat/"  in  his  review  of  the 
sympathetic  system,  says,  "the  thyroid  gland  receives  its  vaso- 
motor fibers  from  the  superior  portion  of  the  thoracic  chain  by 
the  cervical  cord.  Stimulation  of  the  thoracic  chain  causes 
either  vasoconstriction  or  vasodilatation  on  account  of  the 
mixture  of  the  two  orders  of  fibers."  In  other  words,  the  antago- 
nistic nerves  wliich  control  the  functions  of  the  thyroid  are  so 
conjoined  that  transection  or  excitation  would  afford  no  reliable 
testimony. 

The  participation  of  the  thyroid  in  the  phenomena  awakened 
by  the  pituitary  and  the  nerves  it  projects  posteriorly  is  shown, 
however,  by  the  intensity  of  these  phenomena.  The  adrenal 
secretion  alone,  as  represented  by  its  extracts,  causes  a  rise  of 
temperature  of  1°  or  2°  F.  How  account  for  the  rise  of  10°  F. 
and  over  caused  by  puncture  of  the  tuber  cinereum  (just  above 
the  pituitary)  by  Sakowitsch"^ ;  of  the  6°  F.  and  over  noted  by 
Briick  and  Giinther*^*  on  puncturing  between  the  pons  and 
medulla,  and  of  the  12.4°  F.  noted  by  Brodie"**  after  an  injury 
of  the  cervical  portion  of  the  spinal  cord,  with  impulses  to  the 
adrenals  alone  to  account  for  these  heat  phenomena?  They 
obviously  fail  to  do  so.  On  the  other  hand,  they  are  readily  ex- 
plained by  stmultanemis  impulses  to  the  thyroid  apparatus,  since 
the  action  of  its  secretion  upon  cellular  phosphorus,  we  have 
seen,  provides  an  active  source  of  heat  energy.  This  dual  action 
not  only  accounts  for  the  high  temperatures  obtained  by  irrita- 
tion applied  all  along  the  path  from  the  pituitary  down  to  where 
the  nerves  to  the  adrenals  and  thyroid  leave  the  spinal  cord,  but 
it  indicates  that  the  two  sets  of  thermogenic  nerves  follow  the 
same  path,  down  to  this  region. 

Finally,  that  the  pituitary  is  so  related  with  the  nervous 
system  as  to  be  capable  of  governing  these  organs,  is  further 
shown  by  the  fact  that,  as  stated  by  Prof.  Laulanie,^^®  a  physiolo- 
gist w^ho  has  given  considerable  attention  to  the  functions  of  the 
ductless  glands,  in  reference  to  the  pituitary  body,  "this  gland 

"«  Morat:     "Physiology  of  the  Nervous  System,"  Syers's  ed.,  p.  334,  1906. 

*"  Sakowitsch :     F^oe.  cit. 

"*  Brack  and  GUnther:     Loc.  cit. 

»'*  Brodie,  Morat.  and  Doyon:     Lor.  cit..  Article  Calorification,  p.  413,  1899. 

^1"  Laulani6:     "Elements  de  Physiologic,"   2d  ed.,   p.   48S,  1905. 
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is,  in  fact,  in  relation  with  the  sympathetic,  the  vagus,  and  the 
depressor  nerve." 

Of  course,  I  am  familiar  with  the  prevailing  view  that  the 
pituitary  is  a  secreting  gland.  But  the  data  which  tend  to  sus- 
tain this  opinion  are  far  from  convincing,  for  reasons  that  I 
will  submit  in  the  tenth  chapter.  Suggestive  in  this  connection 
is  the  fact  that  its  removal  for  tumors  or  other  lesions  which 
destroy  its  functions  does  not  in  the  least  compromise  life,  as  is 
the  case  after  removal  of  the  adrenals  or  of  the  thyroparathyroid, 
which  are  known  to  be  secreting  glands.  Were  the  pituitary 
the  source  of  any  such  secretion,  its  extirpation  would  obviously 
provoke  serious  disturbances.  With  this  organ  interpreted  in 
accord  with  my  views,  i.e.,  as  a  co-ordinating  center  acting 
through  subsidiary  centers  in  the  bulb  capable  of  assuming  its 
functions  increasingly  as  these  are  being  annulled  by  the  pitui- 
tary lesion,  absence  of  postoperative  complications  is  explained. 

Again,  the  main  evidence  of  those  who  believe  in  the  exist- 
ence of  an  internal  secretion  is  based  on  the  rise  of  the  blood- 
pressure  observed  after  injections  of  pituitary  extract.  ^^Accord- 
ing  to  Kohn,"^^'  writes  Swale  Vincent  in  his  recent  work,^^*  "there 
is  nothing  to  suggest  that  the  posterior  lobe  has  an  internal  secre- 
tion, in  spite  of  all  the  results  of  experiments  invohing  the  injec- 
tion of  extracts."  .  .  .  "We  have  seen  that  the  extracts  having 
j)owerful  effect  upon  the  blood-pressure  and  the  flow  of  urine  are 
obtained  from  the  posterior  lobe  and  not  from  the  epithelial  layer 
which  covers  it.  Tliis  view  seems  to  be  borne  out  by  the  experi- 
ments of  Franchini.  Xow,  the  posterior  lobe  proper  (excluding 
the  epithelial  layer)  consists  of  neuroglia,  pigment,  and  occasional 
nerve-cells."  Swale  Vincent  then  aptly  remarks:  "It  is  ex- 
tremely difficult  to  imagine  how  such  a  structure  can  be  regarded 
as  a  secreting  gland." 

Pending  additional  evidence  to  tliis  effect,  to  be  submitted 
later  on,  and  also  for  testimony  concerning  the  connection  be- 
tween the  pituitary'  and  the  adrenals,  Uie  conclusion  is  sub- 
mitted that 

The  pituiiary  hody  contains  the  governing  center  of  the  thy- 
roparathyroi/f  npjHiratus  and  adrenals,  and  co-ordinates  the  se^re- 
ionj  arfivity  of  these  organs, 

"»Kohn:     Mtinch.  med.  Woch..   Nu.   28.  1910. 

"*  SwaJe  Vincent:    "Internal  Secretion  and  the  Ductless  Glands."  p.  401,  1913. 
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DISORDERS  DUE  TO  DEFICIENT  ACTIVITY  OF  THE 
THYROPARATHYROID  APPARATUS. 

In  the  liglit  of  the  data  and  eonclusions  submitted  in  the 
preceding  chapter,  the  phenomena  awakened  by  functional  dis- 
orders of  any  kind  in  the  parathyroid  apparatus  should  be  of 
two  kinds :  those  due  to  excessive  functional  activity  now  known 
as  "hyperthyroidism,"  and  those  due  to  inadequate  functional 
activity,  and  designated  as  "hypothyroidism/*  A  third  class, 
termed  by  Leopold-I^vi  and  Rothschild  "thyroid  instability," 
introduces  both  the  former  types,  but  either  in  alternation  or 
concomitantly  in  the  same  subject.  In  the  present  chapter  we 
shall  consider  the  first  type,  viz.,  that  in  which,  as  stated  in  the 
alK)ve  heading,  the  functions  of  the  thyroparathyroid  apparatus 
are  inadequate,  in  that  the  secretion  it  supplies  the  organism  is 
insufficient  to  carry  on  normally  tlie  functions  described  in  the 
foregoing  pages. 

The  classification  of  the  disorders  due  to  deficient  activity 
of  the  thyroid  apparatus  being  in  its  formative  stage,  so  to  say, 
many  expressions  and  terms  have  been  introduced,  such  as 
"thyroid  insufficiency"  or  "inadequacy";  "hypothyroidism/*  or 
"attenuated,"  *^enign,"  "incomplete  myxoedema";  "myxoedeme 
fruste,"  and  others,  to  denote  the  milder  forms  of  this  disorder; 
and  quite  as  many  others  to  designate  the  severe  forms  con- 
sidered in  the  next  chapter.  None  of  these  terms  seem  to  me  to 
interpret  satisfactorily  the  morbid  process  in  question.  Re- 
stricting ourselves  for  the  moment  to  the  milder  forms,  such 
terms  as  "thyroid  insufficiency"  or  "inadequacy^*  are  too  cumber- 
some ;  ^Tiypothyroidism"  implies  the  presence  of  a  habit  such  as 
"alcoholism" ;  "incomplete  myxoedema"  and  "myxoedeme  fruste" 
are  not  applicable  in  most  instances  of  this  disorder,  since  no 
myxoedema  of  the  skin,  mucous  membranes,  etc.,  is  discernible. 

(174) 
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Worst  of  all  is  the  term  ^'athyrea/^  which  perverts  the  name  of 
the  gland^  "thyro-**  or  "thyroid'^  being  necessary  in  composition 
to  indicate  a  connection  with  the  "shield-like  cartilage/'  It  has 
appeared  to  me,  therefore,  that  the  simplest  term  would  fill  our 
needs  best,  until  the  many  morbid  states  and  syndromes  it 
covers  will  have  been,  to  say  the  least,  more  accurately  identified. 
Of  all  the  terms  available  is  that  adapted  from  the  French 
"hypothyroidie,"  i.e.,  hypothyroidia,  which  also  presents  the 
advantage  of  corresponding  as  to  its  terminal  with  anemia, 
hyperchlorhydria,  and  many  other  terms  in  current  use. 

As  to  the  pathogenesis  of  this  condition,  it  must  also  be 
gaid  that  at  the  present  time  little  or  no  effort  is  made  by  writers 
to  explain  the  manner  in  which  thyroid  insufficiency  brings 
about  each  of  its  characteristic  symptoms.  The  functions  I  have 
attributed  to  the  thyroid  and  to  the  adrenals  in  the  preceding 
chapters  enable  us  to  do  otherwise.  In  the  present  connection, 
therefore,  it  is  essential  to  recall  that,  with  these  functions  in 
abeyance  or  depressed,  we  shall  have  to  deal  with  three  essential 
morbid  factors : — 

1.  Deficient  tissue  oxidation,  the  rate  of  metabolism  and 
nutrition  in  all  tissues,  particularly  those  rich  in  phosphorus, 
such  as  the  nervous  system,  cellular  nuclei,  etc.,  being  retarded. 

2.  Deficient  breaking  down  of  waste  products,  fats,  etc. 
(slowed  nietal)olism  entailing  deficient  catabolism),  with  ac- 
cuniulaticm  of  fat,  detritus,  wastes,  etc.,  in  the  blood  and  tissues 
as  a  result. 

3.  Deficient  resistance  of  the  body  to  infection  and  intoxica- 
tion, owing  to  insufficient  production  of  opsonin  (the  thyro- 
parathyroid  secretion)  and  of  the  other  antitoxic  and  germicidal 
blood  constituents  and  phagocytic  cells,  as  a  result  of  the  slowed 
metabolism  in  all  organs  producing  them. 

HYPOTHYROIDIA. 

(Chronic  Benign  Hypothyroidia;    Hypothjnroidism ;    Incomplete 

Myxoedema;    Myxoeddme  Fruste.) 

The  term  'hypothyroidia"  is  intended  to  include  all  condi- 
tions of  the  organism  that  are  due  to  deficiency  of  the  thyro- 
parathyroid  secretion,  but  not  the  advanced  types  of  this  condi- 
tion, such   as  myxoedema  and  cretinism,  which  are  reviewed 
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farther  on.  It  includes  the  so-called  "incomplete^*  form,  and, 
as  such,  is  far  more  important  clinically  than  even  myx- 
oedema,  since,  as  we  shall  see,  it  forms  part  of,  or  complicates 
pathogenically,  many  diseases  that  we  meet  almost  daily  in 
practice. 

The  history  of  hypoth3rroidia  is  linked  with  that  of  its  more 
severe  form,  myxoedema.  The  results  of  surgical  removal  of  the 
thyroid  by  the  brothers  Reverdin  were  reviewed  early  in  the 
preceding  chapter.  The  medical  side  of  the  question,  as  regards 
the  milder  form  with  which  we  are  now  concerned,  was  first 
described  by  J.  L.  Beverdin,^  one  of  the  two  brothers  referred 
to  above,  in  1887,  who  gave  it  the  name  of  myxcedeme  fruste. 
Valuable  articles  on  the  subject  were  then  contributed  by 
Thibierge,^  Chantemesse  and  Marie,'  Murray^  and  Brissaud,*^  and 
others,  in  which  many  cases  were  reported,  but  that  of  Hertoghe,' 
of  Antwerp,  in  which  he  termed  the  disorder  "chronic  benign 
hypothyroidia"  is  worthy  of  special  attention  owing  to  the  multi- 
plicity of  clinical  features  introduced  and  the  accuracy  of  the 
author's  conclusions. 

While  many  symptoms  of  hypothyroidia  are  witnessed  in 
myxoedema,  the  latter  in  its  typical  form  is  a  comparatively  rare 
disease.  The  former  is  also  thought  to  be  infrequent,  but  this  is 
merely  because  it  generally  passes  unrecognized.  This  is  mainly 
due  to  its  classic  association  with  the  frank  type  of  myxoedema, 
which  leads  the  clinician  to  seek  for  the  most  salient  symptoms, 
e,g,,  cutaneous  myxoedema,  dry  skin,  the  mask-like  face,  etc. 
Xot  finding  these  phenomena  he  transfers  his  analysis  of  the 
case  to  other  possible  morbid  processes.  In  truth,  the  symptom- 
complex  of  hypothyroidia  does  not,  in  the  great  majority  of 
cases,  include  the  prominent  symptoms  of  myxa?dema.  More- 
over, while  the  latter  disease  is  progressive  when  left  untreated 
by  modem  methods,  hypothyroidia  is  not;  but  it  keeps  the 
patient  in  a  state  of  perpetual  torment.  The  ])hy8ician,  failing  to 
recognize  the  true  identity  of  the  trouble,  leaves  the  patient  a 
prey  to  acute  suffering  from  so-called  rheumatism,  neuralgia, 

'  Reverdin:     Revue  mM.  de  la  Suisse  Romande,  vol.   vil.  p.  275,   1887. 
'Thibierge:     Gazette  des  hOpitaux.   vol.   Ixiv.   p.   117.  1891. 
'Chantemesse  and  Marte:     Bull,  et  m6m.  de  la  Soc.  m6d.  des  hOpitaux  de 
Paris,  vol.  xl,  p.  124.  1894. 

♦Murray:     British  Medical  Journal,   Oct.   1,   1898. 

'Brissaud:     "Nouv.  iconographie  de  la  SalpMriftre,"  p.  240,  1897. 

•Hertoghc:    Ibid.,  p.  261,  1898. 
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tic  douloureTiz,  Bciatica,  etc.  The  sufferer  finally  abandons  treat- 
ment—at least  that  offered  by  medical  men. 

Another  perhaps  still  broader  field  in  which  the  recognition 
of  hypothyroidia  is  of  great  practical  importance  is  the  process 
of  development,  physical  and  mental,  of  the  child.  We  have 
sufficient  evidence  of  the  effects  of  athyroidia  (complete  defi- 
ciency of  normal  thyroparathyroid  secretion)  in  cretinism,  i.e,, 
infantile  myxoedema.  That  a  reduction  of  the  same  secretion 
should  compromise  correspondingly  the  physical  and  mental 
welfare  of  a  child  without  necessarily  branding  it  with  the 
physical  signs  of  cretinism  is  an  established,  though  little  rec- 
ognized, fact.  Indeed,  a  large  proportion  of  backward  children 
and  the  oft-punished  laggards  of  the  class-room  are  but  sufferers 
of  hypothyroidia. 

Finally,  certain  diseases,  syphilis,  tuberculosis,  and  other 
infections,  and  also  certain  abuses  of  the  physical  powers,  such 
as  multiple  pregnancies,  prolonged  lactation,  excessive  venery, 
or  masturbation,  so  weaken  the  thyroparathyroid  apparatus  and 
the  adrenals,  with  which  it  is,  we  have  seen,  intimately  linked 
functionally,  that  hypothyroidia  results.  The  recognition  of 
this  condition  as  an  imderlying  factor  means  not  only  a  marked 
development  of  our  diagnostic  resources,  but  it  affords  also  op- 
I)ortunitie8  for  successful  therapeusis  where,  before,  failure  was 
the  rule. 

A  definition  which  appears  to  me  to  facilitate  the  recogni- 
tion of  this  disease  is  the  following: — 

Ilypoihyroidia  is  a  constitutional  disease  due  to  deficient 
functional  activity  of  the  thyroparathyroid  apparatus,  when  the 
secretory  activity  of  the  latter  i^  not  sufficiently  impaired  to  give 
rise  to  the  most  advanced  and  progressive  type  of  the  disease: 
myxedema.  The  symptoms  of  hypothyroidia  most  frequently 
met  with,  separately  or  unitedly,  are:  severe  occipital  and  inter- 
scapular pain,  obesity  with  supraclavicular  fat  pads,  hypother- 
mia, loss  of  hair  and  teeth,  lassitude,  stuhhorn  constipation,  and 
mental  torpor,  supplemented  in  children  by  slow  physical, 
mental,  and  irregular  slceletal  development,  enlargement  of  the 
lymphatic  glands,  and,  occasionally,  enuresis. 

Symptomatology. — ^The  symptomatology  of  hypothyroidia 
includes  many  of  the  symptoms  of  the  asthenic  disorders  of 
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nutrition,  but,  as  there  exist  many  gradations  of  this  condition, 
hypothyroidia  representing  as  many  degrees  of  thyroparathyroid 
secretory  activity,  its  symptoms  are  more  or  less  prominent  both 
in  number  and  intensity. 

These  patients  usually  apply  for  relief  of  pain  of  some  kind, 
particularly  pain  in  the  back  or  in  the  occipital  region,  and  oc- 
casionally for  migraine  or  neuralgia.  The  *T)ackache"  may  con- 
sist of  sacrolimibar  pains,  of  coccygodynia,  or  in  most  instances 
of  very  severe  deep-seated  pain  between  the  shoulder-blades, 
which  rest  in  bed  tends  to  aggravate  rather  than  to  improve. 
These  phenomena  are  due  to  deficient  catabolic  activity,  the 
blood  being  laden  with  toxic  products — ^a  known  cause  of  such 
symptoms.  That  rest  in  bed  should  aggravate  the  condition  is 
self-evident :  it  merely  slows  still  more  the  oxidation  process  and 
thereby  encourages  the  catabolic  torpor.  They  complain  of 
feeling  fatigued,  languid,  somnolent  on  rising,  and  of  being  in 
every  way  worse;  while,  as  the  day  wears  on,  their  condition 
improves.  Their  temperature  is  low,  and  they  complain  of 
always  feeling  cold,  especially  at  the  extremities.  Their  hands 
are  flabby,  damp,  though  cold  chills  may  even  be  complained  of. 
We  have  here  an  evidence  of  the  slow  metabolic  activity  referred 
to  above,  every  sign  of  deficient  oxidation  being  present.  This 
explains  also  why  a  copious  meal,  especially  if  it  includes  the 
use  of  alcoholic  beverages,  should  be  a  source  of  great  relief  in 
these  cases,  and  why,  also,  they  readily  become  addicted  to  the 
immoderate  use  of  alcohol  as  a  "stimulant." 

A  close  examination  then  reveals  other  morbid  phenomena 
which  are  obviously  due  to  the  defective  nutrition  of  all  tissues 
which  hypothyroidia  entails.  The  patient  appears  much  older 
than  her  age — women  constituting  a  large  proportion  of  these 
cases.  The  hair  may  be  prematurely  gray,  showing  a  marked 
tendency  to  fall  in  patches  from  the  forehead  and  median  line, 
which  tends  to  become  wider,  and  from  the  occiput.  This  loss, 
which  is  attributed  by  the  patient  to  the  headaches,  may  be  such 
as  eventually  to  cause  complete  alopecia.  In  marked  cases  the 
hair  may  be  coarse,  dry,  and  brittle,  as  in  the  cretin.  The  eye- 
brows also  show  a  tendency  to  fall,  but,  a  characteristic  sign  of 
hypothyroidia :  the  loss  is  limited  to  the  external  or  outer  ends. 
This  shortening  of  the  eyebrows  and  the  occipital  loss  of  hair 
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deaotey  joinfly,-  rather  marked  caaea^  thongh  the  shortened  eye- 
brows are  frequently  met  in  the  less  severe.  In  the  former^  the 
skin  of  the  face  may  also  appear  infiltrated  and  be  hard  to  the 
touch,  as  in  myxoedema,  its  color  being  waxy,  with  perhaps  a 
reddish  patch  below  each  cheek-bone.  Although  the  skin  of  the 
body  may  be  normal,  that  of  the  legs,  especially  below  the  knees, 
usually  feels  rough,  rasp-like,  and  may  be  scaly,  the  scales,  which 
are  readily  detached,  recalling  dandruff,  which  is  also  present 
in  most  cases.  Pads  of  fat  especially  prominent  over  the  clavicle 
seem  characteristic  of  rather  marked  cases.  Such  symptoms, 
which  belong  to  true  myxoed^na,  are  rarely  observed,  however, 
though  a  waxy  hue  of  the  facial  skin  and  puffy  lids  are  not 
uncommon. 

Dyspncea  or  oppression,  due  to  deficient  oxygenation  of  the 
blood,  is  complained  of  on  climbing  stairs  or  during  continued 
speaking.  Palpitations,  sometimes  of  a  distressing  character  and 
with  severe  pain,  may  also  occur.  The  heart  is  often  foimd 
dilated  with  weak  systole  and  occasional  murmurs.  The  blood- 
pressure  is  low,  from  80  to  110  mm.  Hg.,  and  the  pulse  weak 
and  rapid.  All  these  symptoms  are  directly  traceable  to  the 
existing  impairment  of  the  oxidation  and  nutrition,  the  cardiac 
and  vascular  muscles  suffering  from  this  condition  as  well  as  all 
other  organs.  The  blood-forming  organs  being  also  inadequately 
nourished,  ameniia  is  the  rule,  the  erythrocytes  being  usually 
reduced  to  about  3,000,000,  with  more  or  less  anisoeytosis. 
Every  type  of  cellular  alteration  seems  to  have  been  observed  in 
this  disorder,  but,  as  a  rule,  what  changes  occur  are  not  very 
marked.    The  haemoglobin  may  be  considerably  reduced. 

The  teeth,  especially  the  molars,  tend  to  become  loose  and 
carious  unduly  early,  owing  to  the  deficient  calcium  and  phos- 
phorus metabolism  which  deficient  thyroparathyroid  secretion 
entails,  and  need  the  constant  attention  of  the  dentist,  who,  as  a 
rule,  informs  them  that  they  are  gouty — with  "uric  acid"  as 
main  cause  of  the  dental  trouble — not  a  misleading  statement 
so  far  as  the  "gouty  diathesis"  is  concerned,  for  it  is  closely 
linked  also  with  hypothyroidia.  The  teeth  are  also  exceedingly 
prone  to  become  tartrous  and  require  frequent  cleansing.  Where 
the  teeth  are  neglected,  as  in  the  poor,  they  are  rapidly  lost, 
frequent  toothache  causing  them  to  be  drawn.    The  gums  tend 

12 


180  TUYROPARATHYROID    DISEASES. 

to  bleed  readily  when  brushed  and  to  recede  from  the  teeth, 
and  are  red  and  swollen  unless  the  toilet  of  the  mouth  be 
carefully  attended  to. 

The  deficiency  of  germicidal  activity  (phagocytic  and 
humoral)  manifesting  itself  where  protection  is  usually  quite 
active,  i.e.,  along  mucous  surfaces,  the  nasopharyngeal  mucous 
membrane  is  also  apt  to  be  congested  through  the  local  accumula- 
tion of  germs,  the  tonsils  showing,  for  the  same  reason,  a  pre- 
dilection to  acute  inflammation.  The  nasal  mucosa  is  often 
found  turgescent,  owing  to  passive  congestion  of  the  underlying 
tissues.  This  gives  the  voice  the  nasal  "twang,"  but  it  may  also 
be  husky  or  otherwise  modified  or  veiled,  through  infiltration  of 
the  laryngeal  mucosa.  The  singing  voice  tends  to  be  false  from 
the  same  cause,  especially  during  the  menstrual  period.  A 
**crick^^  in  the  larynx  is  commonly  complained  of. 

Deficient  metabolism  and  nutrition  account  for  the  general 
asthenia  with  lassitude  and  weakness  of  the  knees,  which  is 
present  in  practically  all  cases.  Fibrillary  motions  of  the 
muscles  and  trembling  occur  in  severe  cases  from  the  same  cause. 
Ck)n8tipation  due  to  deficient  peristalsis  is  also  the  rule,  and  it  is 
often  sufficiently  obstinate  to  demand  constant  purgation — 
which  tends  to  increase  the  intestinal  torpor.  Fecal  impaction 
is  not  uncommon.  The  liver  is  passively  congested  and  enlarged 
— a  fact  due  to  the  low  general  vascular  tension  which 
explains  also  the  presence  of  varicose  veins,  varicocele,  and 
kindred  vascular  disorders  frequently  observed  in  these  cases. 
They  seem  also  to  suffer  frequently  from  biliary  or  renal  calculi, 
a  condition  due  mainly  to  deficient  germicidal  activity  of  the 
blood.  The  urine  is  often  high-colored  and  scanty,  and  occa- 
sionally contains  albumin,  casts,  sugar,  or  blood. 

Flat-foot  is  sometimes  observed,  a  condition  due  to  relaxa- 
tion of  the  interosseous  muscular  and  ligamentous  supports; 
foetid  hyperidrosis  is  also  marked  in  some  cases.  The  osseous 
framework  is  often  defective,  "pigeon-breasts,"  narrow  chests, 
and  a  predisposition  to  caries  being  common. 

Tlie  organs  of  generation  are  often  the  seat  of  functional 
disorders.  The  utenis  is  often  found  retroflexed.  Impotence  or 
loss  of  sexual  desire  is  common.  Amenorrha?a  is  common,  but 
metrorrhagia  may  also  occur,  owing  to  the  low  vascular  tone. 
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particaUurly  of  the  arterioles.  In  one  of  my  caBes,  a  girl  of  16 
years,  there  was  what  the  parents  termed  ^'a  constant  leak/'  i.e., 
a  slight,  but  continuous  menorrhagia.  In  the  male,  sperma- 
torrhcea  and  prostatic  hypertrophy  are  often  witnessed.  Men- 
struation sometimes  fails  to  appear,  especially  in  congenital 
cases,  owing  to  inadequate  development.  The  menstrual  period 
is  attended  by  severe  lumbosacral  pains.  Pregnancy  often  af- 
fords considerable  relief  of  all  symptoms,  owing  to  the  fact  that 
the  activity  of  the  thyroparathyroid  apparatus  is  greatly  enhanced, 
tliough  it  may  be  attended  by  haemorrhages.  Parturition  is  like- 
wise accompanied  by  copious  haemorrhages  in  a  larger  proportion 
of  cases;  such  parturients  are  exposed  also  to  eclampsia,  owing 
to  imperfect  catabolism  of  toxic  wastes. 

Lactation  may  act  in  different  ways.  The  pallor  tends  to 
increase  in  some,  and  oedema,  especially  of  the  ankles,  anaemia, 
lassitude,  and  intellectual  torpor  may  intervene  and  last  until 
the  infant  is  weaned.  As  milk  is  mainly  composed  of  blood- 
plasma  containing  adrenoxidase  (as  shown  by  the  guaiac  and 
other  tests),  lactation  imposes  increased  activity  upon  the 
adrenals.  These  organs  being  weakened  by  the  hypothyroidia, 
we  have  seen,  all  the  above  haemorrhagic  phenomena  occur.  In 
other  cases  there  is  marked  improvement  during  the  whole 
period,  and  the  symptoms  of  hypothyroidia  return  only  after  the 
secretion  of  milk  ceases.  In  occasional  cases,  the  improvement 
is  permanent. 

Hallucinations  of  sight — as  of  small  animals  running 
across  the  room — and  hearing,  rumbling  noises  or  running 
water,  and  various  forms  of  tinnitus  may  occur.  These  are  due 
to  the  same  loss  of  vascular  tone,  and  imperfect  circulation  in 
the  sensory  organs. 

Melancholia  or,  at  least,  an  uncontrollable  sadness,  due  to 
deficient  nutrition  of  the  cerebrum,  is  often  witnessed  in  severe 
cases,  especially  during  menopause.  Maniacal  excitement  is  oc- 
casionally observed,  owing  probably  to  accumulation  of  toxic 
wastes  in  the  blood.  The  mind,  even  in  the  milder  cases,  is 
usually  obtuse,  in  the  sense  that  they  lack  esprit,  i.e.,  the  ability 
to  grasp  the  finer  points  of  an  argument  or  of  a  question  treated 
in  the  abstract,  but  they  are  not  in  any  way  comparable  to  true 
myxcedematous  subjects  in  this  particular,  some  of  whom  ap- 
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proach  closely  the  mental  status  of  cretins.  Like  the  latter, 
however,  even  average  cases  may  have  the  arched  brow  and 
wrinkled  forehead,  the  expressionless  and  sorrowful  face,  though 
to  all  intents  and  purposes  of  average  commonplace  intelligence. 
In  most  instances,  however,  none  of  these  purely  myxoedematous 
features  can  be  discerned  and  a  high  grade  of  intelligence  even 
exist,  as  in  one  of  my  cases,  whose  family — ^including  a  high- 
grade  imbecile  brother — and  descendants  show  distinct  traces  of 
hypothyroidia. 

The  thyroid  affords  very  little  information  under  physical 
examination  in  these  cases.  One  lobe  may  feel  smaller  than  the 
other  when,  on  the  patient  being  asked  to  swallow,  the  organ  is 
raised  under  the  palpating  jBngers ;  the  organ  may  seem  unusually 
small,  and  the  neck  unusually  flat;  but  again,  it  may  appear 
enlarged.  On  the  whole,  the  organic  changes  are  not  such  in 
these  cases  as  to  alter  sufficiently  the  outline  of  the  organ  to 
furnish  any  serious  diagnostic  aid. 

Most  authors  refer  to  the  disease  as  one  of  middle  life,  but 
this  is  an  error.  This  type  of  hypothyroidia  occurs  frequently, 
we  have  seen,  among  children,  and  represents  a  large  proportion 
of  those  termed  %ackward^'  in  the  schools,  and  among  those 
accused  of  being  "lazy,"  "slow,"  and  "dull."  This  applies  as 
well  to  adolescence,  particularly,  as  in  children,  in  those  who  are 
abnonnally  stout.  AH  these  cases  may  not  present  the  syndrome 
just  described;  it  is,  in  fact,  rarely  met  with  in  any  one  case,  but 
the  superfluous  fat,  tlie  mental  torpor,  the  slow  development,  and 
the  carious  teeth  are  sufficient  to  indicate  that  the  oxidations  and 
metabolism  are  inadequate.  The  familiar  influence  of  thyroid 
preparations  on  adiposis  also  points  to  hypothyroidia  as  the 
underlying  cause  of  this  condition.  It  may  also  assert  its 
presence  through  a  few  phenomena  of  another  order  in  a  bright 
child,  to-wit:  irregular  bony  growth,  a  slight  scoliosis  perhaps, 
or  true  rachitis,  flat  feet,  a  narrow  thorax,  some  pallor,  hypo- 
thermia, undue  vulnerability  to  infection,  or  one  or  more  of  the 
many  other  symptoms  described  above.  Some,  on  reaching  the 
fourth  or  fifth  decade — particularly  women  approaching  or 
undergoing  the  menopause — ^begin  to  show  typical  symptoms  and 
soon  lapse  into  full-fledged  cases — recalling  that  several  of  the 
symptoms  now  revealed  as  part  of  complete  syndrome,  sensitive- 
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Dees  to  cold,  neuralgia,  aiuemia,  menorrhagia,  etc.,  had  been 
present  many  years. 

Etioixkit  a\d  Pathology. — ^The  causes  of  hypotb3rroidia 
may  be  divnied  into  two  clai^^es,  the  hereditary  and  acquired. 

The  most  important  h ereditary  caueee  which  entail  defective 
development,  morpliolofrital  and  aecretory,  are  Byphilis,  alcohol- 
ism and  Uie  gouty  diatliosis.  Even  far  back  in  the  parental  linee 
on  eitlter  f^ide,  these  tniDsiiiit  their  influence  through  the  inter- 
mediary of  llie  ductlesB  glande,  especially  the  thyroid,  adrenale, 
and  pituitan  body,  wliith,  jointly,  in  the  light  of  the  data  mb- 
mttted,  carry  on  oxidation  aad  metabolism  and  tbne  constitute, 
BO  to  say,  the  -tripod  of  the  vital  process.  The  maternal  line  is 
generally  thought  to  transmit  hypothyroidia  in  the  majority  of 
inatancee.  It  happens  that  some  of  the  most  marked  cases  I 
have  bad  were  clearly  traceable  only  throu^  the  paternal 
ancestry — three  generations  in  one  instance.  Consanguinity  in 
marriage  probably  owes  its  evil  efTects  to  the  presence  in  the 
family  of  oae  of  the  deteriorating  diseases  mentioned.  Cod- 
reraely,  marriage  of  a  girl  suffering  from  a  mild  type  of  func- 
tional hypothyroidia  sometimes  brings  on  recovery  if  pr^nancy 
occurs,  tJie  increased  activity  of  the  thyroid  apparatus  this 
nitails  causing  it  to  develop  its  functional  powers  to  the  maxi- 
mum needs  of  the  subject.  That  the  adrenals  are  also  overactive 
under  these  conditions — thus  sustaining  from  another  direction 
thy  view  that  the  adrenals  are  stimulated  by,  and  concomitantly 
with,  the  thyroid — ^was  recently  emphasized  by  the  observation 
of  Neu,'  who  found  an  excess  of  the  adrenal  product  in  the  blood 
throughout  the  entire  period  of  gestation. 

The  acquired  form  is  often  due  to  the  identical  factor  just 
referred  to  as  a  curative  one  in  some  instances.  The  repetition 
of  pregnancy  too  many  times  may  not  only  cause  recurrence  of 
hypothyroidia  by  exhausting  the  thyroid  apparatus,  but  it  may 
likewise  do  so  in  a  woman  previously  free  of  any  disorder  of  the 
ductless  glands.  Prolonged  lactation  acts  in  a  similar  way,  the 
maternal  milk  serving,  we  have  seen,  to  protect  the  nursling 
against  infection.  Infectious  diseaBca,  especially  those  of  child- 
hood, including  the  milder  ones,  measles  and  mumps,  and  like- 
wise variola  and  typhoid,  may  also  produce  hypothyroidia  by 
'  Nni:    HedlclDiacbe  KUnlk.  Mot.  t,  UllL 
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causing  interstitial  and  parenchymatous  lesions  which  lead  to 
sclerosis  and  atrophy.  The  resulting  phenomena  are  propor- 
tionate, of  course,  with  the  degree  to  which  the  functions  of  the 
thyroid  are  inhibited.  These  may  occur  in  the  midst  of  the 
disease,  the  child  failing  thereafter  to  grow  physically  and 
mentally  at  the  normal  rate  and  becoming  flabby  and  pale,  and 
showing  the  typical  symptoms  of  functional  hypothyroidia — ^if 
not  its  more  advanced  stage,  cretinoid  infantilism.  Traumatism 
of  the  thyroid  may  also  produce  it.  Amenorrhea,  as  noted  by 
Macfarlane^*  may  be  the  salient  symptom  of  the  disorder. 

Old  age  stands  apart  perhaps  from  these  two  classes  in  that 
it  is  normal  to  all  living  things ;  but  the  thyroid  apparatus  stands 
pre-eminently,  we  have  seen,  as  the  underlying  factor  in  this 
connection,  according  to  Lorand,®  who  traces  the  cause  of  senility 
back  to  the  thyroid,  Victor  Horsley,  Hale  White,®  Erdheim,  and 
others  having  found  this  organ  atrophied,  and  containing  con- 
nective tissue,  in  aged  subjects.  This  was  found  to  occur  as 
early  as  the  fiftieth  year  in  the  seventy  thyroids  examined  by 
White.  As  noted  by  Erdheim,  the  same  evidences  of  degenera- 
tion appear  in  the  parathyroids.  I  look  upon  concomitant 
changes  in  all  the  organs  of  the  adrenal  system,  the  thyroid, 
adrenals,  and  pituitary,  as  the  underlying  cause  of  senility. 

The  symptomatology  of  senility  and  that  of  atrophy  of  the 
thyroid  gland  present  considerable  resemblance,  as  Leopold- 
L^vi^®  holds  to  hypothyroidia;  the  wrinkled,  dry  skin,  the  sub- 
normal temperature,  the  alopecia,  the  thinning  of  the  eyebrows, 
the  loss  of  teeth,  the  anorexia  «nd  constipation,  the  diurnal 
somnolence,  the  suppression  of  the  menses  and  of  the  sexual 
function,  the  vague  muscular  pains,  the  enfeeblement  of  all 
functions,  and  the  tendency  to  degeneration,  particularly  of  the 
vessels,  being  common  to  both  conditions. 

Treatment. — Small  doses  of  thyroid  cause  gradual  disap- 
pearance of  the  morbid  phenomena,  while  large  doses  may 
aggravate  them.  As  emphasized  by  Hertoghe,  the  actual  secre- 
tory activity  of  the  thyroid  apparatus  is  an  unknown  quantity, 
and  large  doses,  by  suddenly  bringing  on  headache,  pain  over  the 

7"  Macfarlane:    Jour,  of  the  Am.  Med.  Assoc.  Feb.  8,  1912. 
•Lorand:     "Old  Age  Deferred,"  p.  91.  1910. 
•White:     Med.  Chirur.  Trans.,  vol.  Ixxi.  p.  182. 
WL^pold-L6vl:     Jour,  de  m6d.  de  Paris,  No.  26.  1909. 
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Iddnej^  articiilary  muscular,  and  hepatic  pains  and  anorexia — 
to  which  I  would  add  a  rapid  pulse,  fever,  a  tendency  to  f aint, 
tremors,  and  increase  of  the  existing  dyspnoea — ^merely  serve  to 
frighten  the  patient  and  cause  unjustified  ccmdemnation  of  the 
treatment.  The  treatment  should  be  persisted  in  for  years  if 
need  be,  aa  emphasized  by  a  case  reported  by  G.  E.  Price.^^ 

One  grain  of  the  desiccated  thyroid  gland  during  meals  is 
sufficient  to  begin  with  in  an  adult.  This  may  be  gradually 
increased  until  2-grain  (0.132  Gm.)  doses  are  giv^i.  Patients 
seldom  stand  larger  doses  well,  and  these  are  only  warranted 
when  the  prolonged  use  of  the  smaller  fails  to  improve  the 
patient.  Often  when  improvement  is  not  noticed  the  fault  lies 
with  the  preparation  administered;  a  change  should  then  be 
made.    In  mild  cases  one-half  of  the  above  doses  often  suffice. 

When  the  ansemia  is  profound,  the  effects  of  treatment  are 
enhanced  by  giving  desiccated  adrenal  gland,  2  grains  (0.132 
Gm.),  and  a  small  dose  of  iron,  1  grain  (0.066  Gm.)  of  Blaud's 
pill,  with  each  dose  of  thyroid.  Such  a  small  dose  of  iron  does 
not  increase  constipation,  and  contributes  to  the  rapid  building 
up  of  the  haemoglobin  molecule.  The  three  agents  can  be  given 
in  a  capsule.  The  constipation  should  receive  careful  attention. 
High  injections  of  saline  solution  two  or  three  times  a  week  are 
sometimes  necessary  in  severe  eases  to  evacuate  completely  the 
lower  bowel.  This  measure  may  be  resorted  to  the  first  three  or 
four  weeks  if  needed,  and  replaced  by  glycerin  suppositories 
until  a  free  motion  occurs  daily.  Usually  the  fourth  week  of 
thyroid  treatment  is  attended  by  considerable  progress  in  this 
and  all  other  directions.  Saline  aperients  are  to  be  preferred 
if  purgation  per  ora  becomes  necessary.    Opiates  are  harmful. 

MYXCEDEMA,  OR  PROGRESSIVE  HYPOTHYROID! A. 

In  this  disease  we  have  the  maximum  expression  of  pro- 
gressive hypothyroidia,  as  it  develops  after  the  process  of  body 
growth  has  been  accomplished,  i.e.,  in  the  adult.  When  the 
corresponding  disorder  occurs  during  childhood  or  adolescence, 
it  stunts  growth  of  body  and  mind  and  is  then  known  as  cret- 
inism, treated  under  the  next  heading. 

i*«  O.  E,  Price:    American  Medicine.  Aug.,  1911. 
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The  marked  inhibition  of  the  thyroparathyroid  functions 
that  characterizes  this  disease  is  graphically  illustrated  in  its 
symptomatology  when  these  functions  are  interpreted  from  my 
viewpoint.  The  great  diminution  of  the  thyroparathyroid 
secretion  correspondingly  impairs  the  sensibility  of  all  phos- 
phorus-laden structures,  particularly  the  nuclei  of  all  cells,  the 
nervous  system,  and  the  adrenals,  to  the  oxidase  of  the  blood. 
There  results,  therefore,  general  retardation  of  metabolism,  par- 
ticularly its  catabolic  phase;  this  is  well  exemplified  by  the 
hypothermal  phenomena,  the  general  functional  torpor,  the 
accumulation  of  fat,  and  the  extravasation  of  fluids  which  con- 
stitute the  cutaneous  oedema,  the  latter  being  due  mainly  to 
passive  relaxation  of  the  peripheral  blood-vessels.  Wastes, 
detritus,  etc.,  accumulate  in  the  blood  also  as  a  result  of  defective 
catabolism,  giving  rise  to  "rheumatic"  and  cutaneous  disorders. 
The  dystrophies  of  various  kinds  with  a  marked  tendency  to 
degenerative  processes  invariably  witnessed  in  this  disorder  are 
also  normal  results  of  defective  metabolism.  Considered  in  this 
light  the  disease  may  be  defined  as  follows : — 

Myxcedema  is  a  functional  disease  due  to  marked  or  com- 
plete  hypothyroidia  when  the  latter  occurs  after  puberty.  It  is 
characterized  by  deficient  oxidation  and  catabolism,  the  main 
symptoms  of  which  are  hypothermia,  infiltration,  and  swelling 
of  the  cutaneous  tissues,  including  those  of  the  face,  increase  in 
weight,  dryness  of  the  skin,  marked  weakness,  and  mental  torpor. 

Symptomatology  and  Pathogenesis. — The  deficient  oxy- 
genation is  well  exemplified  by  the  correspondingly  depressed  heat 
production.  These  patients  suffer,  almost  continuously  from 
cold;  their  temperature,  both  oral  and  rectal,  being  always  sub- 
normal— as  low  as  93°  F.  in  some  instances — unless  some  fever 
be  present.  In  a  case  observed  by  Hun  and  Prudden,  the 
temperature  fell  steadily  imtil  it  reached  QQ°  F.,  before  death. 
The  least  exposure  to  cold  causes  the  lips,  nose,  ears,  and  finger- 
tips to  become  cyanotic;  hence  the  abundance  of  covering  with 
which  these  cases  are  found  provided.  The  extremities  are,  as  a 
rule,  cold  and  often  purple  or  livid.  This  is  partly  due,  how- 
ever, to  the  card io- vascular  weakness  referred  to  below. 

The  deficient  metabolism  and  functional  activity  is  well 
exemplified  by  its  influence  on  the  cardio-vascular  system,  the 
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functional  torpor  of  which  (partly  due  to  similar  condition  of 
the  vaBo-tnotor  system)  gives  rise  to  the  pre-eminent  symptom 
of  the  disease:  the  peculiar  cedenia  of  the  skin  and  mucous 
mombranea.  This  phenomenon,  which  led  Ord  to  designate  it 
"myxtpdema,"  is  a  "jelly-like  sweliiDg,"  as  he  termed  it,  which 
causes  the  body,  particularly  the  face  and  suprascapular  regions 
— commonly  tiie  Beat  of  cushions  or  pads — to  become  irregularly 
swollen.  The  infiltrated  tisBues  are  elastic,  firm,  and  resistant, 
but  do  not  pit  on  pressure,  aa  in  true  (edema,  though  tliey 
vibrate  under  lateral  stroking.  At  first  the  swelling  may  dis- 
appear temporarily  or  change  situation,  but  after  a  time  it 
becomes  permanent.  The  abdominal  walla  being  likewise  af- 
fected, the  abdomen  appears  enlarged  and  pendulous,  with  more 
or  less  projection  of  the  umbilicus,  and  sometimes  ascites.  The 
genitalia  are  similarly  tumeflcd  as  a  rule.  The  hands  are  also 
thickened  and  sometimes  spade-like;  tJie  nails  are  brittle  and 
thin,  sometimes  abnormally  curved  and  ridged,  and  occasionally 
undergo  atrophy,  A  similar  condition  may  affect  the  toes.  The 
forearms,  legs,  and  feet  are  also  the  seat  of  swellings. 

The  skin,  its  glandular  elements  and  the  hair,  all  show 
clearly  the  effects  of  defective  trophic  conditions.  The  skin, 
mainly  owing  to  the  arrest  of  its  sebaceous  and  sweat  glands,  is 
dry,  rough,  and  scaly,  though  {hat  of  thf  face  may  he  relatively 
smooth.  It  may  desquamate  in  flakes  or  in  the  form  of  a  fine 
powder.  Patches  of  pigmentation  varying  from  yellowish  brown 
to  the  actual  bronzing  of  Addison's  disease  (thus  affording  addi- 
tional proof  of  the  participation  of  the  adrenals  in  the  functional 
torpor)  are  occasionally  witnessed. 

The  hair  also  changes  in  appearance;  it  becomes  coarse, 
lusterless,  and  breaks  easily.  It  is  gradually  lost,  falling  out  in 
patches,  at  first  where  the  traction  attending  the  use  of  the 
comb  is  greatest,  i.e.,  where  the  hair  is  parted,  the  brow,  and  the 
occiput.  The  lashes  and  eyebrows  are  also  lost  in  part,  along 
with  the  hair  of  the  rest  of  the  body. 

As  a  result  of  the  cutaneous  thickening  and  infiltration,  the 
face  becomes  coarse,  expressionless,  and  mask-like.  The  lips, 
greatly  thickened,  are  usually  cyanosed  and  cause  the  mouth  to 
appear  greatly  enlarged.  The  color  of  the  skin  is  yellowish  or 
wax-like,  a  circumscribed  patch  of  redness  being  present,  as  a 
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rule,  below  each  cheek-bone.  The  nose  is  cold,  the  tip  being 
sometimes  eyanosed ;  it  appears  broad  and  flat  through  thicken- 
ing of  the  nostrils.  The  ears,  being  in  a  similar  condition,  are 
likewise  enlarged ;  the  auditory  meatus,  however,  is  narrowed  by 
its  thickened  walls,  causing  more  or  less  deafness.  The  lids 
droop  over  the  eyeballs — though  exophthalmus  may  occur,  due 
to  primary  exophthalmic  goiter — causing  the  patient  to  appear 
sleepy,  while  an  effort  to  raise  the  upper  lid  is  manifested  by 
elevation  of  the  eyeballs.  There  is  usually  considerable*  lachry- 
mation,  due  to  glandular  leakage. 

The  mucous  membranes  being  involved,  as  is  the  skin,  those 
of  the  mouth  and  naso-pharjTigeal  cavities  appear  pale  and 
tumefied.  That  of  the  cheeks  is  indented  by  the  teeth,  against 
which  it  presses,  and  is  sometimes  bitten;  this  applies  also  to 
the  tongue.  The  teeth  tend  to  decay,  and  may  become  black 
within  a  comparatively  short  period,  owing  mainly  to  deficient 
calcium  metabolism,  or  readily  break  off  and  fall  out.  This  is 
greatly  aggravated  by  the  recession  of  the  gums  and  the  readi- 
ness with  which  these  structures  tend  to  ulcerate  and  bleed. 
Stubborn  stomatitis,  with  free  salivation,  dribbling  from  the 
corners  of  the  mouth,  and  erosions  of  the  buccal,  pharyngeal,  and 
laryngo-tracheal  membrane,  may  appear.  (Edema  of  the  larynx 
is  not  infrequently  a  cause  of  death.  In  some  cases,  however, 
the  whole  oral  cavity  is  uncomfortably  dry.  The  entire  alimen- 
tary canal,  down  to  the  rectum,  is  also  more  or  less  infiltrated, 
causing  anorexia,  gastro-intestinal  disorders,  and  constipation, 
which  may  alternate  with  attacks  of  diarrhoea.  There  is,  as  a 
rule,  a  profound  distaste  for  meat,  which  in  fact  is  toxic  in  a 
measure  to  these  cases^ — as  it  is  in  thyroidectomized  animals — 
owing  to  their  impaired  antitoxic  functions. 

The  tumefaction  of  the  oral  mucous  membrane  and  of  the 
palate,  tongue,  and  lips  renders  enunciation  very  imperfect  and 
jerky;  this  condition  being  aggravated  by  the  narrowing  of  the 
naso-phar}^ngeal  lumen,  it  gives  what  voice  there  is  a  "nasaP 
character.  It  is  also  rendered  coarse  and  low,  that  of  a  woman 
being  sometimes  lowered  sufficiently  in  pitch  to  recall  that  of  a 
man.  Approximation  of  the  cords  being  rendered  difficult  by 
the  tumefaction,  speaking  sometimes  requires  considerable  effort. 
The  slow  intellection  from  which  these  cases  suffer— -owing  to 
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diflknlt  metabolism  of  the  organ  of  mind — ^increases  greatly  the 
faronble  they  experience  in  imderstanding  questions  and  ex- 
pressing their  wants  and  ideas,  a  fact  which  often  renders  them 
extremely  irritable.  Mental  disorders  are  frequent  in  these 
cases.  Total  kck  of  interest  in  their  surroundings^  somnolence, 
and  amnesia  are  commonly  observed. 

The  deficient  oxidation  of  all  muscular  elements  entails  a 
corresponding  weakness.  Great  lassitude  with  exhaustion  upon 
the  sli^test  exertion  is  the  rule.  Some  cases  are  imable  to  raise 
the  head  at  all  or  to  stand.  Others  lapse  into  paralysis.  Fibril- 
lary tremor  and  muscular  quivering  are  often  noticed.  Locomo- 
tion is  tentative,  often  waddling;  missteps  are  frequent,  being 
produced  by  a  slight  obstacle.  The  ataxic  gait  may  prevail ;  the 
motions  of  the  arm  are  also  imcertain  and  unsteady  in  suffi- 
ciently advanced  cases.  Although  the  parathyroids  have  been 
found  sclerosed  along  with  the  thyroid  in  these  cases,  tetany  is 
very  rarely  observed — a  fact  which  further  suggests  the  func- 
tional unity  of  these  organs. 

Sensation  being,  as  a  rule,  markedly  impaired,  while  the 
finger-joints  are  stiffened,  the  usefulness  of  the  hands  is  greatly 
compromised.  Small  objects  are  held  with  considerable  diffi- 
culty, and  easily  dropped,  while  such  diminutive  articles  as  pins, 
needles,  and  even  email  buttons  are  not  felt  at  all.  Tingling, 
formication,  and  pruritus  are  often  complained  of.  Although 
cutaneous  sensibility  is  greatly  impaired,  pain  in  the  muscles 
and  joints,  neuralgia,  and  marked  headache  localized  in  most 
instances  in  the  occipital  region  occur  in  about  one-half  of  the 
cases.  These  are  due  to  the  accumulation  of  toxic  intermediate 
waste  products  in  the  blood,  owing  to  the  deficient  antitoxic 
power  of  the  latter. 

The  senses  of  smell  and  taste  are  commonly  impaired  or 
perverted,  the  patient  complaining  of  foul  odors,  a  bitter  or  acid 
taste,  etc.  Vertigo  is  a  relatively  frequent  p^inptom.  The  vision 
is  occasionally  dimmed  and  optic  atrophy  has  been  obser\'ed. 
Tinnitus  aurium  is  not  uncommon,  and  the  hearing  is  impaired 
in  the  majority  of  cases. 

Haemorrhages  from  one  or  more  organs  are  common. 
Epistaxis,  hflemoptysis;  blecdin^y:  at  the  gums,  which  may  prove 
severe  on  extracting  a  tooth;  intestinal,  uterine,  and  even  cere- 
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bral  haemorrhages  may  occur.  Probably  the  most  common, 
however,  is  menorrhagia.  Postpartum  haemorrhages  are  also 
common  in  these  cases.  The  menstruation  is  irregular,  as  a  rule, 
and  often  ceases  altogether  until  appropriate  treatment  pro- 
cures recovery.  This  condition  is  mainly  due  to  the  poverty  of 
the  blood  in  fibrin  ferment,  as  shown  by  the  prolonged  coagula- 
tion time,  and  to  the  relaxation  and  pseudo-fatty  changes 
("pseudo"  because  they  are  temporary)  throughout  the  cardio- 
vascular system.  It  is  aggravated  by  the  weak  heart  action, 
especially  in  advanced  cases,  in  which  the  heart  is  deprived  of 
the  aid  the  adrenal  secretion  affords  its  muscular  elements.  The 
pulse  is  slow  and  weak  and  sometimes  quite  difficult  to  locate. 
The  vis-a-tergo  motion  of  the  blood  in  the  peripheral  capillaries 
is  slowed  to  a  marked  degree  as  soon  as  the  disease  has  reached 
beyond  the  initial  stage.  To  this  is  mainly  due,  in  fact,  the 
dense  oedema  which  is  the  most  evident  characteristic  of  the 
disease. 

The  specific  gravity  of  the  urine  varies  but  little;  on  the 
whole,  however,  it  is  somewhat  reduced;  but  the  urea  excretion 
is  diminished  in  most  cases,  and  markedly  so  when  the  disease 
is  advanced.  In  the  latter  case,  both  albuminuria  and  glycosuria 
(probably  alimentary)  may  occur,  but  disappear  when  the 
thyroid  treatment  is  instituted.  Casts  are  also  found  in  advanced 
cases. 

Myxoedema  progresses  slowly,  a  case  lasting,  as  a  rule,  from 
six  to  twenty  years,  unless  the  patient  is  carried  off  through  some 
intercurrent  trouble,  which  is  often  the  case.  Tuberculosis  and 
pneumonia  are  the  infections  to  which  they  seem  to  be  especially 
vulnerable — owing  to  the  enfeebled  condition  of  their  auto- 
defensive  resources.  Nephritis,  pericarditis,  and  cerebral  haemor- 
rhage seem  to  be  next  in  the  order  of  frequency.  Periods  of 
amelioration  sometimes  occur,  but  sooner  or  later  the  patient 
relapses  into  his  previous  state,  and  gradually  dies  of  exhaustion. 
Barely,  especially  in  young  adults,  the  disease  may  run  its  course 
in  less  than  six  months. 

Acute  myxoedema  with  prompt  death  may  occur  as  the 
result  of  sudden  arrest  of  the  functions  of  the  thyroid.  In  a 
case  reported  by  Lloyd,  the  disease  proved  fatal  in  a  few  days. 
In  another  instance  it  occurred  as  the  result  of  an  injury  to  the 
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thyroid.  It  may  appear  as  a  sudden  complication  of  goiter ;  it 
ifl  probable^  however,  that  under  these  conditions  w6  are  dealing 
with  some  toxaemia  of  thyroid  origin  rather  than  with  true 
myzoedema,  since  we  know  that  even  extirpation  of  the  thyroid 
does  not  produce -death  rapidly. 

The  thyroid  gland  is  distinctly  reduced  in  size  in  about  75 
per  cent,  of  the  cases  of  myxoedema,  its  outline  being  hardly 
discernible  by  palpation  in  some  of  these.  Conversely,  some  are 
abnormally  large  at  first,  and  may  then  gradually  atrophy 
irregularly,  the  portion  which  fails  to  decrease  in  size  being 
resistant  to  pressure. 

EnoLOGT. — ^Women  are  more  liable  to  the  disease  to  a 
considerable  extent  than  men,  i.e.,  it  occurs  about  six  times  in 
women  to  once  in  men,  and  it  may  develop  at  any  time  of  life, 
though  the  period  between  the  thirtieth  and  sixtieth  years  shows 
by  far  the  largest  proportion  of  cases.  There  is  a  marked  familial 
influence,  some  families  showing  several  cases.  While  hypo- 
thyroidia,  alcoholism,  and  syphilis  are  likely  to  be  the  predomi- 
nant parental  factors  in  progressive  hypothyroidia  or  true 
myxoedema,  tuberculosis  and  neuroses  are  met  with  much  more 
frequently  in  the  family  antecedents  of  the  patient.  The  main 
causes  appear  to  be  rapid  child-bearing,  the  menopause,  worry, 
mental  shocks,  and  injuries,  especially  to  the  head.  Neoplasms, 
fungi,  and  entozoa  capable  of  destroying  or  inhibiting  a  suffi- 
cient area  of  the  gland  have  also  been  known  to  cause  the 
disease. 

Pathology. — The  characteristic  lesion  in  the  thyroid  is 
atrophy,  due  to  the  develoj)ment  of  fibrous  tissue,  the  glandular 
elements  of  the  organ  being  reduced  in  proportion.  It  may 
follow  local  inflammatory  lesions  in  connection  with  acute  artic- 
ular  rheumatism,  erysipelas,  syphilis,  actinomycosis,  cancer,  an 
acute  thyroiditis,  local  injuries,  etc.,  which  serve  to  destroy  a 
part  of  the  glandular  parenchyma,  and  annul  in  proportion  its 
secretory  functions.  Exeessiye  child-bearing,  shock,  and  the 
menopause  can  hardly  he  regarded  as  causes  of  an  inflammatory 
process,  however,  and  it  is  probable  that  we  are  dealing,  in  this 
connection,  rather  with  functional  exhaustion  of  the  organ,  or 
with  an  endarteritis  or  periarteritis  of  its  vascular  supply. 
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Treatment. — ^The  use  of  thyroid  gland  in  this  disease,  in- 
troduced by  Murray,  is  rightly  considered  one  of  the  great  steps 
in  modern  medicine.  As  in  the  case  of  hypothyroidia,  however, 
large  doses  should  not  be  used;  this  rule  is  all  the  more  appli- 
cable to  myxcedema  in  view  of  the  marked  relative  weakness  of 
the  subjects.  Again,  exertion  of  any  kind  should  be  avoided 
while  taking  thyroid ;  two  of  Dr.  Murray's  cases  died  of  syncope 
during  active  exercise  taken  too  early  after  a  prolonged  treat- 
ment, though  it  must  be  said  that  he  used  larger  doses  than  are 
now  recommended.  One  grain  (0.066  Gm.)  of  the  desiccated 
thyroid,  three  times  daily,  suffices  to  begin  with;  this  dose  may 
be  gradually  increased  y^.  grain  (0.033  Gm.)  until  2  grains 
(0.132  Gm.)  are  given  at  each  meal,  and  until  the  temperature 
is  raised  to  normal.  If  this  is  exceeded  the  dose  should  be 
reduced  to  1^2  grains  (0.099  Gm.)  or  less.  The  pulse  should 
also  be  watched,  an  increase  of  fifteen  beats  indicating  the  need 
of  reducing  the  dose.  I  prefer  these  divided  doses  to  the  single 
daily,  but  correspondingly  larger,  dose  recommended  by  some 
observers,  as  the  latter  has  seemed  to  me  to  increase  the  likeli- 
hood of  untoward  effects.  Cases  vary  considerably  in  this 
respect,  however,  and  the  tolerance  of  each  case  should  be  care- 
fully studied.  The  patient  should  spend  his  time  in  an  arm- 
chair during  the  day,  at  first,  if  possible,  in  the  open  air,  and 
begin  to  walk  around  only  when  his  temperature  and  pulse 
become  normal. 

The  effect  of  the  remedy  is  to  cause  gradual  disappearance 
'of  all  the  morbid  symptoms,  but  if  its  use  is  discontinued  they 
as  surely  return.  Two  grains  (0.132  Gm.)  daily  suffice,  how- 
ever, to  perpetuate  the  recovery  in  most  instances.  Before  the 
introduction  of  the  thyroid  treatment,  the  disease  was  fatal  in 
practically  every  instance.  Grafting  of  thyroid  is  now  used 
successfully  to  prevent  the  need  of  constantly  taking  thyroid 
gland.    The  measure  is  described  on  page  200. 

When  the  asthenia  is  marked  and  the  heart,  as  is  usually 
the  case  under  these  conditions,  is  considerably  dilated,  a  small 
dose  of  digitalin,  V20  grain  (0.0033  Gm.),  three  times  daily,  or 
the  desiccated  suprarenal  gland  of  the  IT.  S.  P.,  or,  better,  the 
pituitary  gland,  1  grain  (0.066  Gm.)  during  meals,  greatly 
hfer?tens  the  curative  process. 
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INFANTILE  MYXCEDEMA,  OR  CRETINISM. 

Although  cretinism  is,  like  myxoedema,  due  to  loss  or  im- 
pairment of  the  functions  of  the  thyroid  apparatus,  its  sympto- 
matology differs  in  many  respects  from  that  of  myxoedema, 
because,  as  previously  stated,  it  occurs  during  the  period  of  life 
when  growth  and  development,  physical  and  mental,  are  most 
active,  i.e,,  between  bfrth  and  puberty,  whereas  myxoedema  in- 
cludes only  cases  that  occur  after  puberty.  In  cretinism  we 
witness  the  results  of  defective  oxidation  and  metabolism  of 
cellular  proteids  and  fats  at  a  time  when  the  building  up  or 
anabolic  phase  is  exceptionally  active,  and,  as  a  result,  arrest  of 
physical  and  mental  growth.  The  following  definition  seems  to 
me  to  include  the  main  features  of  the  disease : — 

Infantile  myxcedema,  or  cretinism,  is  a  functional  disease  dtie 
to  marked  or  complete  hypothyroidin  during  the  period  between 
birth  and  puberty.  It  is  due  to  deficient  oxidation  and  is  char- 
acterized  by  retardation  of  physical  and  mental  development,  the 
mmn  symptoms  of  which  are:  stunted  growth,  the  cretinic  fades 
with  flattened  nose,  thickened  lips  and  tongue,  a  harsh  skin,  and 
more  or  less  advanced  idiocy. 

Symptomatology  and  Pathogenesis. — ^The  disease  may 
develop  in  niero,  but  it  is  seldom  recognized  before  the  first 
month.  The  attention  is  drawn  to  the  child  through  the  fact  that 
it  fails  to  grow  at  the  average  rate  either  physically  or  mentally. 
Its  tongue  is  then  noticed  to  be  unusually  thick — sufficiently  so, 
in  some  instances,  to  project  beyond  the  lips  at  all  times,  fill  the 
oral  cavity,  and  interfere  with  the  respiration  when  the  child  lies 
in  the  recumbent  position. 

Closer  examination  then  reveals  the  symptoms  witnessed  in 
adult  myxedema.  The  "jelly-like  swelling"  of  Ord,  coupled 
with  the  yellowish,  white,  or  waxy  pallor,  the  rough,  dry,  and 
scaly  skin,  so  unlike  that  of  a  normal  child,  is  clearly  defined, 
though  the  puffy  face  retains  some  of  its  smoothness.  The 
fontanelles  remain  patent  unusually  long.  The  features  of  the 
cretin  are,  as  a  rule,  repulsive,  though  pitiful.  The  swollen, 
often  wrinkled  brow;  the  puffy  lids,  which  reduce  the  watery 
eyes  to  more  slits;  the  "saddle-back,"  or  depressed,  nose  with  its 
wide  and  thick  abv;  the  swollen,  erect  ears;  the  large  and  drooling 
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tongue  between  thick  lip^  and  the  aged  appearance  constitute  a 
picture  which  causes  all  cretins  to  resemble  one  another,  and 
which  one  is  not  apt  to  forget. 

Again  do  we  meet  the  evidences  of  deficient  metabolism  and 
nutrition.  The  hair  is  thin,  but  coarse  and  brittle,  the  evdirows 
and  eyelashes  being  also  scant  and  often  absent.  In  some  cases 
the  hair  may  be  thick,  but  likewise  coarse  and  deprired  of  Inster, 
resembling  tow  in  texture  rather  than  human  hair.  The  nails 
are  very  short,  thin,  streaked,  and  brittle.  The  teeth,  which  may 
be  represented  by  a  few  sharp  points,  as  in  a  teething  infant,  are 
irregular  and  tend  to  early  decay,  the  second  dentition,  which 
often  fails  to  occur  at  all,  being  long  delayed  at  best,  the  teeth 
being  no  less  liable  to  caries,  and  no  less  ill-shaped,  than  their 
predecessors. 

The  Iwdy  and  extreniitios  show  not  only  arrested  develop- 
ment,  but  the  elTei*ts  of  im»gularity  in  this  morbid  process,  the 
different  i>arts  of  the  binly,  the  bones  especially,  showing  con- 
siderable disproportion.  The  trunk,  though  small  as  compared  to 
the  head,  mav  be  relativelv  massive,  the  back  arched  at  the  waist- 
line  and  perhaps  scoliotic,  the  abdomen,  on  the  other  hand, 
prv>jecting  forward  considerably,  with,  often,  an  umbilical 
hernia.  Conversely,  the  legs  are  short  and  more  or  less  bowed; 
ihoir  cutaneous  cmering  having  developed  to  a  greater  degree 
aiul  thickenixl,  it  forms  folds  which  tend  further  to  distort  these 
inrmbers.  The  same  i>orYorsious  of  local  growth  exist  elsewhere, 
\n\\  to  a  less  evident  degree.  The  hands  are  broad,  spade-like, 
jin»l  the  fingers  pudgy  and  stiff,  a  condition  reproduced  in  the 
firt,  ilio  toes  of  which  an*  kept  apart  by  the  thickened  skin.  The 
supraclavicuhir  region  is  usually  the  seat  of  thick  pads,  which 
sometimes  encircle  the  neck,  filling  the  depression  between  the 
latter  and  the  shoulders.  When  a  goiter  is  present,  as  is  usually 
the  ease  in  the  endemic  form — though  the  gland  is  practically 
functionless — the  distortion  of  this  region  of  the  body  is  striking. 

The  defective  oxidation  due  to  the  inhibited  thvrq-adrenal 
functions  is  well  shown  by  the  subnormal  temperature,  the  cold 
surface,  the  extremities  being  sometimes  livid,  and  the  marked 
diminution  of  nitrogen  excretion.  The  blood-pressure  is  cor- 
respondingly lowered  both  owing  to  the  deficiency  of  the  adrenal 
product,  which  deprives  the  blood-vessels  of   its  direct  tone- 
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snBiaioiiig  elhct,  and  because  the  rate  of  stietabblifim  in  the 
cazduy-yaaadar  mxtadeB  k  dowed.  Both  these  factors  and  the 
eVer-pfeaent  ansemia  cause  general  ?aso-dilation  wad  low  tendon. 
All  mnscmlar  elements  in  the  body  betiig  inflnenced  in  the  same 
wtij,  ibe- child  is  ireal^  valks  in  a  wobUy,  slow,  inco-ordinate 
way,  and,  in  some  instances,  is  quite  nnaUe  to  stand  otr  to  sustain 
its  head,  whidi  then  droops  on  the  chest 

A  similar  ccmdition  of  the  mtuMmlar  coat  of  the  intestines 
practically  prevents  peristalsis,  with  inTetasie  constipation  as 
result^  the  bowels  being  reliered  cmly  by  an  oecanenal  outburst 
of  £arrhoea,  unless  appropriate  measures,  enemas,  purgatives, 
etc.,  are  resorted  to  periodiailly.  This  ultimate^  leads  the 
patients  to  realize  that  semifluid  or  fluid  food  is  alone  wdl 
borne  by  the  child,  which  has  to  be  fed  with  a  spoon,  the  whole 
alimentary  canal  from  mouth  to  anus  being  mudi  in  the  same 
condition  as  the  skin — i.e.,  deprived  of  much  of  its.  normal 
fluids — another  source  of  constipation. 

The  genital  organs,  both  the  ovaries  and  testes,  ranain 
imperfectly  developed,  though  not  necessarily  infantile.  Occa^ 
sionally  the  genital  organs  are  hypertrophied  and  the  sexual 
instincts  are  enhanced.  Their  o&prmg  tend  to  be  feeble- 
minded, however,  and  are  liable  to  excessive  mortality.  Men- 
struation often  fails  to  appear,  or  is  scanty;  or  it  may  be 
profuse,  and  even  haemorrhagie,  owing,  as  in  myxoedema,  to 
deficiency  of  adrenoxidase  in  the  blood  and  to  the  imperfect 
coagulating  power  this  entails.  Epistaxis  and  bleeding  at  the 
gums  are  also  commonly  observed. 

The  urine  shows  but  little  change,  though  the  urea  ex- 
creted is  below  normal.  In  very  marked  cases,  albumin  and 
hyaline  casts  have  been  found  periodically,  doubtless  owing  to 
the  autointoxication  resulting  from  retained  excreta  in  the 
intestinal  canal.  The  thoracic  and  abdominal  organs  do  not 
seem  to  be  involved  in  the  morbid  process. 

The  mental  state  of  the  child  depends  upon  the  severity  of 
the  case.  In  some  it  is  not  far  removed  from  what  Eoesch  has 
termed  a  'Tiuman  plant,'*  even  the  intelligence  common  to  the 
higher  animals  being  wanting.  The  child  fails  to  recognize  its 
parents  or  any  person  about  it,  or  even  a  person  from  an  object, 
and  nothing,  even  toys,  interests  it  in  the  least.    It  neither  weeps 

.   18   . 
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nor  laughs.  It  is  absolutely  apathetic^  sits  quietly  without 
manifesting  any  special  wants.  It  may^  however,  show  signs  of 
hunger  or  thirsty  either  by  crying  like  an  infant  or  by  grunts 
or  inarticulate  sounds.  In  a  higher  grade,  a  few  words  may  be 
spoken,  there  is  recognition  of  parents  and  familiar  faces  and 
even  a  show  of  affection  for  them,  but  beyond  the  limited 
vocabulary  no  progress  can  be  made,  even  the  alphabet  being 
beyond  them.  Still  higher  grades  may  speak  fairly  well,  be  free, 
though  slow  and  deliberate,  in  their  movements,  etc.,  but  fail  to 
develop  thereafter,  even  if  they  attain  old  age,  which  is  not  often 
the  case. 

The  brothers  Wenzel  have  divided  these  cases  into  three 
classes :  the  cretins,  who  are  unable  to  speak,  and  lead  a  purely 
vegetative  life;  the  semi-cretins,  who  are  simple-minded,  but 
whose  language  is  limited  and  imperfect ;  and  the  cretinoids,  who 
are  endowed  with  some  intelligence,  but  show  the  physical  signs 
of  cretinism.  There  is  another  type,  the  mongolian,  called  thus 
because  of  their  slanting  eyes,  which  closely  resembles  the  cretin 
of  a  higher  order,  but  this  type  shows  more  intelligence  and  seldom 
yields  to  the  effects,  of  thyroid  preparations. 

The  thyroid,  in  about  two-thirds  of  the  cases,  is  more  or  less 
atrophied,  to  such  a  degree  in  some  that  it  cannot  be  detected  by 
palpation.  In  the  remaining  third,  and  usually  in  the  endemic 
cases,  there  exists  a  more  or  less  developed  (sometimes  volumi- 
nous) goiter. 

Etiology. — It  beoonies"  necessary  in  this  connection  to  dis- 
tinguish between  the  two  general  classes,  endemic  and  sporadic 
cretinism. 

Endemic  cretinism,  often  a  family  disease,  and  observed  in 
a  number  of  cases  in  special  localities,  is  believed  to  be  due  to 
some  chemical  substance  or  micro-organism  peculiar  to  the  waters 
available  in  those  regions.        .  . 

This  type  has  been  connected  with  special  localities  by 
proofs  from  various  directions.  Not  only  is  cretinism  common 
in  these  regions,  but  normal  individuals  may,  on  moving  to 
them,  have  cretinic  children  therein,  and  normal  children  in 
healthy  regions.  Again,  animals  from  the  latter  were  found  tc 
develop  goiters  (the  preliminary  cause  of  endemic  cretinism) 
in  the  contaminating  districts  by  drinking  their  water,  while  this 
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irater  ctmed  afir  to  haJthy  localities  and  given  io  dogs  as  aole 
beverage  also  caused  gmter  in  tiiese  animah.  Whether  it  is  a 
mineral  saH^  a  TegetaUe  nudd  or  srane  other  pathogenic  micro- 
organism  is  not  establiflhedy  but  for  the  time  being  the  genn 
theoiT  seems  to  preraiL 

The  qnestion  of  heredity  in  fliese  eases  is  a  debated  one. 
We  have  seen  nnder  '^ypotlq^di^  that  syphilis  and  alcohol- 
ism tend  to  leave  their  imprint  npon  the  thyroids  of  descendants. 
Some  oppose  tiiis  view  in  respect  to  cretinism  on  the  ground  that 
the  positiTe  signs  of  cretinism  only  appear  when  the  child  is 
weaned,  and  contaminating  water  is  given  to  it  Bnt  this  is 
obvioosly  wrong:  Cretinism  can  readily  be  detected  in  a  diild 
one  month  old  and  earlier  by  observers  who  are  thoroo^bdy 
familiar  with  the  morbid  effects  of  hypothyroidia.  The  latter 
oonditicm  in  the  mother  is  also  well  known  to  resnU  in  hypo- 
thyroidia in  her  offspring — a  fact  whidi  brings  us  back  to  any 
maternal  defect  inherited,  snch  as  hypothyroidiay  syphilis^ 
alcoholism,  etc.,  that  may  be  present  as  the  origin  of  the  hypo- 
thyroidia in  the  child.  In  other  word%  there  is  at  present  no 
sonnd  fouidati<m  for  antagonism  to  the  prevailing  view  that 
endemic  cretinism  may  be  congenital  in  a  certain  proportion  of 


Sporadic  cretinism,  which  has  also  been  termed  "cretinoid,*' 
or  "myTCPdematous,  idiocy/*  and  ^'cretinoid  pachydermia"  occurs 
in  anv  country,  in  localities  that  are  entirely  free  from  cretinism^ 
and  in  healthy  families.  It  is  mainly  due  to  some  lesion  of  the 
thyroid  caused  by  an  acute  febrile  disease  or  some  intoxication 
capable  of  inhibiting  or  arresting  its  functions^  either  before  or 
after  binh. 

How  a  general  infection  can  produce  such  lesions  in  the 
thyroid  is  admittedly  unknown.  From  my  viewpoint,  it  finds  its 
explanation  in  an  autodigestive  process  similar  to  that  which 
occurs  in  the  pancreas  under  certain  conditions.  As  previously 
stated,  I  have  attributed  to  the  thyroid  secretion  properties 
similar  to  those  of  Wright's  opsonins,  a  view  recently  sustained 
by  ^farbe  and  Stepanoff,  at  the  Pasteur  Institute.  The  antitoxic 
and  antigerm  constituents  of  the  blood  circulating  in  the  thyroid 
(and  parathyroids,  which  may  also  l>e  the  seat  of  similar  lesions), 
it  is  obvious  that  undue  accumulation  of  thyroid  secretion  in  the 


198  THTROPARATHTROID  DISBASB8. 

organ  itself  will  oversensitize  its  own  parenchyma  or  its  vascular 
elements  or  both,  and  render  them  vulnerable  to  proteolysis — 
along  with  any  germ  or  toxin  that  may  be  present  in  the  organ. 
The  autodigested  areas  are  replaced  by  fibrous  tissue,  and  a 
process  of  cirrhotic  atrophy  is  started  which  sooner  or  later 
annuls  the  functions  of  the  organ. 

The  diseases  which  have  shown  themselves  to  be  the  most 
frequent  causes  of  sporadic  cretinism  are  typhoid  fever,  scarla- 
tina, pneumonia,  and  pertussis — ^the  identical  series  which 
proves  most  prolific  in  the  genesis  of  the  infantile  encephalop- 
athies, another  source  of  idiocy,  but  in  which  the  cerebral 
lesions  are  the  direct  pathogenic  factors. 

Pathology. — ^The  end  lesions  are  the  same  in  both  forms. 
In  the  endemic  form  there  is  a  marked  proliferation  and  over- 
growth of  interstitial  tissue  or  conn^tive  tissue,  causing  both 
enlargement  of  the  gland — ^goiter — and  obliteration  of  the  gland- 
ular tissue.  Some  glandular  tissue  usually  persists;  even  this 
remnant,  however,  shows  evidences  of  degenerative  change. 

The  symptomatology  of  both  forms  indicates  clearly,  we 
have  seen,  that  deficient  oxidation,  metabolism,  and  nutrition 
underlie  the  resulting  general  physical  phenomena.  This  ap- 
plies as  well  to  the  mental  phenomena,  symmetrical  arrest  of 
development  aflfecting  more  or  less  all  the  elements  of  the 
brain.  There  are  occasionally  found  localized  lesions  of  the 
nature  of  infantile  cerebropathies,  porencephaly,  etc.,  but  it  is 
probable  that  these  are  concomitant  changes  rather  than  com- 
•ponents  of  the  typical  picture  of  cretinism  per  $e.  Briefly,  we 
are  dealing  with  arrested  nutrition  and  development  of  the  brain 
as  a  result  of  the  absence  of  the  secretion  which  sustains  these 
fundamental  processes. 

Treatment. — ^Before  the  introduction  of  thyroid  gland  in 
the  treatment  of  this  distressing  condition,  there  was  practically 
nothing  to  be  done.  While  its  use  must  be  continued,  relapse 
(excepting  the  body  growth)  occurring  invariably  without  it, 
though,  as  a  rule,  with  much  less  intensity,  the  fact  remains 
that  the  changes  produced  in  the  child,  particularly  in  sporadic 
cases,  are  truly  marvelous.  As  early  development  of  the  disease 
inhibits  the  mental  development  accord ingly,  the  later  in  chil(\- 
hood  it  appears,  the  better  are  the  results  of  treatment,  in  so  far 
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as  the  intelligence  is  concerned.  The  physical  restoration  is  not 
materially  influenced  by  the  age  at  which  the  disease  first  ap- 
peared. Children  grow  with  surprising,  rapidity  in  some 
instances^  over  one  inch  per  month  in  some  cases^  until  the 
normal  stature  of  the  corresponding  age  is  reached.  The  brain 
responds  more  slowly;  but  considerable  intelligence  is  gained, 
though  it  does  not  reach^  as  a  rule^  that  of  normal  children. 
They  learn  slowly  and  develop  only  very  gradually  their  vocab- 
ulary.   They  should  be  gently  assisted  in  this  direction. 

When  the  thyroid  treatment  is  instituted  the  case  should  be 
carefully  watched,  as  the  tolerance  varies  greatly  in  different 
children.  They  should  be  kept  from  any  violent  exercise  lest 
heart-failure  occur.  Another  important  reason  for  this  precau- 
tion is  the  fact  that  the  growth  of  the  skeleton  is  so  rapid  that 
the  bones  tend  to  soften,  and,  therefore,  to  yield  and  bend.  The 
tibia  and  fibula  are  especially  exposed ;  braces  should  be  applied 
to  offset  this  tendency  if  it  shows  itself,  until  the  normal  height 
of  a  child  of  a  corresponding  age  has  been  attained.  Syrup  of 
calcium  lactophosphate  of  the  U.  S.  P.,  one  teaspoonful  or 
less,  according  to  the  age,  is  a  useful  adjuvant  to  thyroid  gland  in 
this  connection.  This  is  accounted  for  in  the  opinion  of  Parhon 
and  Papinian"  and  others,  based  on  many  published  facts,  that 
the  thyroid  gland  plays  an  important  role  in  the  assimilation  of 
calcium.    Thymus  gland  5  grains  (0.3  Gm.)  t,  i.  d.  is  also  useful. 

Large  doses  are  not  only  dangerous,  but  they  inhibit  the 
beneficial  process.  Again,  it  must  be  remembered  that  the  thyroid 
active  principle  is  cumulative  in  the  sense  that  the  organism  will 
utilize  a  certain  quantity — ^which  varies  with  each  case — ^and 
that  any  excess  may  prove  toxic.  This  stage  may  be  reached 
early  in  one  instance  and  late  in  another.  I  have  seen  it  pro- 
duced in  three  weeks  with  2-grain  (0.133  Gm.)  doses;  con- 
versely, in  a  case  reported  by  Freund  in  a  girl  of  14  years,  6 
grains  (0.396  Gm.)  daily  in  divided  doses  caused  a  sudden  rise 
of  temperature  to  104**  P.,  a  pulse  of  160,  rapid  breathing,  and 
death  the  next  day,  though  she  had  been  taking  the  same  agent 
nineteen  months.  The  danger  signals  are  rapid  pulse,  vertigo, 
general  weakness,  pains  in  the  back  and  limbs,  syncope,  and,  if 


"Parhon    and    Papinian:      Rom&nia    medicala,    1904,    cited    In    "S^cr^tions 
Internes,"  p.  17,  1909. 
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the  intoxication  be  severe,  nausea  and  vomiting,  a  marked  rise  of 
temperature,  and  collapse.  When  any  untoward  effect  occurs, 
cessation  of  the  remedy  a  few  days  suffices.  They  are  more  likely 
to  appear  when  the  preparation  used  is  old,  a  fact  which  sug- 
gests that  it  may  have  undergone  putrefactive  changes  when  * 
long  kept. 

An  infant  can  be  given  ^  grain  (0.033  Qm.)  daily  of 
depiecatcd  tliyroid,  and  a  child  of  2  years,  twice  daily,  and  older 
children  thrice  daily,  or  1  grain  (0.066  Qm.)  can  be  given  at 
dinner  and  another  on  retiring.  I  have  never  seen  such  doses 
produce  untoward  effects,  tlie  recumbent  position  after  the 
second  dose,  as  urged  by  Murray,  preventing  them.  When  it  is 
necessar}'  to  increase  the  dose,  the  patient  should  be  seen  fre- 
quently. As  much  as  5  grains  (0.33  Gm.)  have  been  given  three 
times  daily  with  safety;  but  it  must  be  remembered  that  the 
preparations  now  available  are  better  and  more  efficacious.  The 
preparation  I  now  use  is  Burroughs,  Wellcome  &  Co.'s  standard- 
ized desiccated  gland  substance  (in  tabloids),  which  contains  0.2 
per  cent,  of  iodine  in  organic  combination.  Cretins  usually 
stand  larger  doses  than  others.  A  good  guide  in  them  is  the 
temperature,  which  tends  to  rise  to  normal;  as  a  rule,  the  dose 
that  will  do  this  suffices  to  bring  about  the  desired  results. 
When  this  is  attained,  1  grain  (0.066  Gm.)  on  retiring  suffices 
to  prevent  recurrence.  But  it  must  not  be  neglected ;  otherwise, 
the  disease  will  certainly  return. 

The  .younger  the  patient,  the  more  marked  the  improvement, 
as  a  rule.  In  adult  cretins,  the  results  are  meager  if  any  at  all 
are  obtained.  The  improvement  is  much  more  marked  in 
sporadic  than  in  endemic  eases,  owing  probably  to  the  fact  that 
up  to  the  onset  of  the  causative  disease  physical  and  mental 
growth  had  proceeded  normally.  In  the  Mongolian  type,  the 
thyroid  treatment  is  useless. 

Grafting  of  thyroid  tissue  to  render  the  constant  use  of 
thyroid  preparations  unnecessary  has  been  tried  by  various 
investigators.  It  is  only  in  recent  years,  however,  that  a  promis- 
ing method  has  been  introduced  by  Christiani,''  of  (loneva.  The 
conditions  are  that  only  normal  and  living  tissues  bo  used  ;  that 
the  grafts  be  small   (about  the  size  of  a  grain  of  wheat),  but 
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cretinism  of  a  mild  type.  The  patient  is  short,. thick  eet,  and 
obese,  though  child-like  in  shape,  and  may  look  old  for  his  age. 
The  face  appears  bloated,  rounded,  pale,  and  wax-like,  a  reddiEh 
patch  being  sometimes  present  below  the  cheek  bones.  The  nose 
squatty  and  pugged,  and  the  mouth  large;  the  latter  is  usually 
open, — a  fact  accounted  for  by  the  almost  invariable  presence 
of  adenoids,  hypertrophy,  and  infiltration  of  the  nasal  mucosa 
and  tonsils.  The  tongue,  as  in  the  cretin,  may  be  thickened 
and  the  lingual  tonsil  likewise,  rendering  speech  thick  and  diffi- 
cult. The  hair  may  be  profuse,  though  coarse  and  lusterless, 
but  about  the  eighteenth  year  it  begins  to  fall  in  patches, 
leading,  in  most  instances,  to  alopecia.  In  most  cases  hair  fails 
to  grow  on  otlier  parts  of  the  body.  The  skin  is  tense,  owing  to 
infiltration,  and  is  also  dr}',  because  of  deficient  action  of  the 
cutaneous  glands,  and  it  feels  rough  and  scaly  to  the  touch. 
Pruritus  is  often  complained  of. 

The  teeth  remain  infantile,  as  a  rule,  and  decay  early. 
The  abdomen  is  unusually  prominent  and  hard  in  all  cases, 
owing,  mainly,  to  the  stubborn  constipation  which  causes  reten- 
tion of  gas  and  fajces,  the  latter  being  only  voided  in  some  cases 
by  engorgement  and  to  relaxation  of  the  abdominal  muscle. 
The  constipation  is  also  mainly  due  to  the  loss  of  tone  of  the 
intestinal  muscular  fibers  and  the  paucity  of  succus  entericus. 
Enuresis  is  commonly  observed.  Although  the  respiration  is 
apparently  normal  there  is  deficient  oxidation;  the  extremities 
are  cold  and  are  readily  affected  with  chilblains  in  cold  weather. 
The  face  and  extremities  may  even  be  cyanotic  and  the  patient 
complain  of  constantly  feeling  cold.  Actual  hypothermia  is  a 
common  feature  of  these  cases.  The  part  played  by  the  thyroid 
in  this  phenomenon  is  well  shown  by  the  fact  that  Beebe^'  found 
that  **by  the  administration  of  thyroid  to  a  cretin  or  patient 
with  myxanlema  it  is  possible  to  increase  the  absorption  of 
oxygen  from  20  to  75  per  cent." 

The  difference  between  this  form  and  true  cretinism  lies, 
as  stated,  in  the  fact  that  idiocy  does  not  occur.  The  child  may 
not  be  bright  or  even  normally  intelligent,  having  been  slow  to 
talk  and  shown  deficiency  at  school,  particularly  in  spelling, 
grammar,  and  arithmetic,  but  it  is,  nevertheless,  quite  able  to 
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hold  its  own  for  all  ordinary  needs ;  the  face,  in  fact,  nnlike  that 
of  the  cretin,  bears  an  expression  of  intelligence.  Yet  the 
intellect  retains  the  characteristics  of  childhood,  both  as  to  ideas, 
judgment,  and  emotions,  a  patient  of  twenty  years,  for  example, 
preferring  the  company  of  children  below  ten  to  that  of  young 
men  of  his  own  age.  These  patients  may  show  a  proclivity  to 
lie,  steal,  start  fires,  etc.,  especially  when  under  the  evil  influence 
of  designing  normal  individuals.  Any  unlawful  act  they  may 
commit  is  due,  in  most  cases,  more  to  lack  of  judgment  and 
inability  to  resist  suggestion  and  a  desire  to  please  others  than 
to  an  inherent  proclivity  to  crime.  Others  are  excitable, 
turbulent,  and  rough,  and  frequently  break  anything  that  is  at 
all  fragile;  here,  again,  the  element  of  willful  harm  is  absent, 
muscular  tremor  and  inability  to  prevent  movements  of  the 
hands  or  fingers — ^as  in  athetosis — being  the  underiying  cause 
of  the  defect. 

The  heart  is  excitable,  a  slight  emotion  suflBcing  to  cause 
violent  ^^palpitations''  and  tachycardia.  This  is  mainly  due  to 
a  deficiency  of  adrenal  secretion.  Dilatation  of  the  heart  from 
the  same  cause  is  often  witnessed.  The  veins  also  show  a 
marked  tendency  to  dilate,  the  veins  of  the  extremities  and  the 
ha?morrhoidal  veins  particulariy.  Varicocele  may  also  exist. 
In  a  case  seen  through  the  kindness  of  Dr.  W.  Egbert  Robertson, 
a  sprig  of  thick  veins  spread  upward  over  the  mons  veneris  and 
coincided  with  undeveloped  testicles  and  total  absence  of  hair 
over  the  genitalia,  in  a  young  man  of  twenty  years.  Haemo- 
philia  is  frequently  noted,  an  indirect  result  also  of  the 
hypothyroidia,  since  thyroid  gland  given  orally  counteracts 
haemophilia  by  increasing  the  coagulation  time.  Epistaxis, 
menorrhagia,  and  metrorrhagia  are  also  observed  in  some  cases, 
the  two  latter  phenomena  where  menstruation  has  developed  at 
all,  which  is  often  not  the  case,  coinciding  with  non-development 
of  the  breasts  and  pubic  hair.  The  penis  and  testicles  often 
remain  rudimentary  even  when  the  male  reaches  full  adult  age, 
and  his  general  shape  and  high-pitched  voice  recalling  those  of 
a  woman. 

In  a  still  higher  type  of  infantilism  the  signs  of  myxoedema 
are  hardly  discernible.  The  growth  may  even  exceed  that  of 
the  average  individual.     Such  cases  are  usually  plump  and  even 
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portly ;  as  in  the  preceding  form,  the  abdomen  tends  to  be  large, 
but  the  limbs  are  well  rounded,  recalling  those  of  a  woman,  with 
fair  skin,  a  high-pitched,  or  infantile,  voice  to  complete  the 
resemblance.  The  face,  axillae,  and  pubis  are  free  of  hair;  the 
penis  and  testicles  small  and  rudimentary.  Mentally  ^%e  is 
simply  an  overgrown  child,"  wrote  Meige,^'  who  gave  us  a  close 
analysis  of  these  cases.  ^These  children,  who  should  long 
before  have  reached  the  reasoning  period  of  their  lives,  play  with 
toys,  laugh  at  a  childish  prank,  cry  for  practically  nothing, 
become  angry  as  readily,  are  subject  to  ridiculous  frights,  and 
call  their  mamma  under  the  influence  of  the  least  emotion." 
In  the  average  case,  however,  this  truly  infantile  type — recalling 
the  behavior  of  a  child  of  but  two  or  three  years — ^is  better 
exemplified  by  one  of  seven  or  eight  years,  though  he  be  perhaps 
actually  beyond  his  twentieth  year. 

The  feminine  attributes  are  sometimes  very  marked  in  the 
male,  the  breasts,  thiglis,  and  general  conformation  resembling 
closely  those  of  the  female,  constituting  the  "feminine"  type. 
In  the  female,  in  whom  infantilism  occurs  less  frequently,  the 
body  preserves  the  attributes  of  childhood,  i.e.,  it  fails  to 
undergo  the  normal  changes  of  puberty.  Though  tall,  perhaps, 
the  body  shows  no  development  on  sexual  lines:  the  breasts 
remain  small  and  flat,  no  hair  grows  in  the  axillae  or  over  the 
pubis,  the  trunk  remains  cylindrical,  and  the  hips  and  nates  flat. 
The  uterus  and  its  adnexa  also  fail  to  develop,  and  menstruation 
fails  to  appear.  Some  cases  tend  even  toward  the  male  sex, 
constituting  "maseulinism,"  the  voice,  the  physical  outline, 
assuming  a  masculine  type. 

Diagnosis. — From  this  type,  which  belongs  essentially  to 
the  domain  of  the  thyroparathyroid  apparatus,  must  be  distin- 
guished several  types  which  do  not. 

Lorain  Type  of  Infantilism, — In  a  type  described  by 
Lorain,  in  1870,  the  dwarfism  is  symmetrical  in  the  sense  that 
the  ultimate  products  are  symmetrical,  miniature  men — this 
form  being  practically  always  observed  in  the  male.  No  myxoe- 
deinatous  symptoms  are  present;  the  genitalia  are  usually  normal, 
though  the  pubic  and  axillary  hair  is  wanting,  and  notw^ith- 
standing  their  diminutive  stature  and  their  slender  physique, 
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their  facial  appearance  and  expression,  and  their  intelligence 
are  usually  quite  up  to  the  average.  They  depart  in  no  way 
from  their  fully  developed  fellow-men,  in  fact,  except  in  the 
stature.  As  shown  mainly  by  Meige,"  this  type  is  not  due  to 
thyroid  insuflSciency,  but  to  anangioplasia,  i.e,,  defective  develop- 
ment of  the  arteries  and  premature  ossification.  It  is  usually 
ascribed  to  parental  hereditary  syphilis,  tuberculosis,  alcoholism, 
and  other  debilitating  disorders.  Thyroid  preparations  in  this 
form  are  of  no  value. 

Mongolian  Infantilism. — This  type  is  characterized  by 
Mongolian  features,  and  particularly  the  slanting  eyes.  These 
features  occur  at  birth,  and  are  not  traceable  to  syphilis,  tuber- 
culosis, alcoholism,  etc.,  as  in  the  Lorain  type,  but  rather  to 
prolonged  deliveries — ^which  account  in  some  cases,  at  least,  for 
the  flat  skull  or  bulging  forehead — or  to  strong  mental  emotions 
during  pregnancy.  They  are  not  morose  or  torpid  like  the 
myxoedematous  cases  and  are  usually  amiable  and  well  behaved. 
Curiously  enough,  all  show  a  marked  predilection  for  music  and 
signs  of  unusual  development  of  the  musical  sense.  The  tongue 
is  usually  quite  thick  and  heavy,  and  the  hands  square  and  flat, 
the  latter  accounting  for  the  clumsiness  which  characterizes  all 
these  cases.  They  usually  suffer  from  some  chronic  respiratory 
trouble,  and  are  apt  to  die  early  of  some  intercurrent  infection. 
Their  undeveloped  size,  their  Mongolian  facies,  the  bulging 
forehead,  and  their  feeble-mindedness  render  the  recognition  of 
these  cases  quite  easy.    Thyroid  preparations  are  of  no  avail. 

Achondroplasia,  or  Facial  Rickets, — ^This  type  of  dwarf, 
unlike  the  myxoedematous  type,  does  not  show  mental  deficiency, 
but  many  of  the  characteristics  of  cretinism :  the  relatively  large 
head,  the  saddle  nose,  the  short  and  bowed  limbs,  the  prominent 
abdomen,  and  the  marked  lordosis.  But  the  arms  and  legs  are, 
unlike  tlie  other  types,  which  all  show  some  degree  of  symmetry, 
entirely  too  short  for  the  body,  the  finger-tips  never  reaching 
the  level  of  the  hips.  Again,  the  long  bones  are  usually  bent 
and  deformed.  The  skull  is  unduly  developed  and  is  out  of 
proportion  with  the  face,  whicli  is  then  made  to  appear  small. 
The  eyes,  lids,  and  tongue  may  resemble  greatly  those  of  the 
cretin,  but  the  hair  is  normal  and  usually  abundant,  and  the 
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skin  soft  and  well  nourished.  These  characteristics,  the  fact 
that  the  mental  faculties  are  quite  normal,  and  the  ineffective- 
ness of  thyroid  treatment  render  the  identification  of  achon- 
droplasia quite  easy. 

Treatment. — ^The  only  measure  of  any  value  in  myxoe- 
dematous  infantilism  is  the  use  of  thyroid  preparations.  The 
treatment  recommended  for  cretinism  being  as  applicable  here, 
the  reader  is  referred  to  page  198.  The  younger  the  patient, 
the  greater  are  the  chances  of  improvement.  After  puberty  has 
been  reached,  the  results,  in  so  far  as  the  mental  status  is  con- 
cerned, are  seldom  satisfactory. 

THYROID   HYPER/EMTA   AND   THYROIDITIS. 

This  is  a  very  important  disorder  mainly  because  of  its 
causative  influence  upon  the  conditions  just  reviewed,  e,g,, 
hypoparathyroidia,  myxoedema,  and  cretinism,  and  the  whole 
gamut  of  morbid  effects  of  deficient  functional  activity  of  the 
thyroparathyroid  apparatus.  It  is  generally  recognized  in  its 
acute  form  when  the  inflammatory  phenomena  are  very 
marked,  but,  unfortunately,  it  is  not  only  in  this  class  of  cases 
that  lesions  in  the  organ  are  provoked.  The  structure  of  the 
thyroid  is  such,  and  the  quantity  of  blood  circulating  through  it 
is  so  great,  that  a  high  blood-pressure,  such  as  that  which  occurs 
during  high  febrile  processes,  is  sufficient  to  produce  areas  of 
interstitial  haemorrhage  in  the  interlobar  connective-tissue 
spaces,  which  form  as  many  sclerotic  areas  wherever  the  damage 
done  has  been  sufficiently  great.  As  nature  provides  an  excess 
of  thyroid  tissue  over  and  above  the  needs  of  the  organism,  how- 
ever, inhibition  of  a  proportion  of  the  gland  below  this  limit 
may  prove  harmless,  but  if  the  sclerosis  happens  to  exceed  this 
limit  the  result  is  a  more  or  less  marked  hypotliyroidia  (or 
hypoparathyroidia  if  the  parathyroids  are  involved,  which  is  at 
least  sometimes  the  case)  corresponding  in  severity  with  the 
proportion  of  thyroid  tissue  sacrificed.  Indeed,  we  have  seen 
that  in  all  the  disorders  treated  so  far  in  the  present  chapter 
sclerosis  of  the  thyroid,  with  its  resulting  atrophy,  was  by  far 
the  most  prominent  pathogenic  lesion. 

The  graver  condition,  acute  thyroiditis,  is  fortunately  com- 
paratively rare.    Moreover,  while  simple  hyperajmia,  even  when 
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attended  by  interstitial  haemorrhage,  is  seldom  recognized,  acute 
thyroiditis  is  attended  by  severe  local  and  general  phei¥)mena, 
which  make  it  possible  to  identify  it  early,  to  meet  it  therapeu- 
tically and  avoid  disastrous  results.  Acute  inflammation  of  the 
thyroid — apart  from  that  due  to  the  presence  therein  of  goiter, 
cancer,  etc. — is  usually  provoked  by  invading  bacteria  in  the 
course  of  infections,  notably:  diphtheria,  typhoid  fever,  scarla- 
tina, measles,  parotitis,  tonsillitis,  erysipelas,  pneumonia,  per- 
tussis, dysentery,  rheumatic  fever,  puerperal  fever  sepsis, 
orchitis,  and  influenza.  It  has  also  been  attributed  to  the  action 
of  poisons,  constituting  vfhat  has  been  termed  "toxic  thyroiditis'^ ; 
iodine  and  the  iodides  have  also  been  known  to  cause  it  along 
with  other  signs  of  iodism.  In  these  inflammatory  disorders 
the  glandular  tissues  undergo  marked  changes,  including  desqua- 
mation and  degeneration  of  the  epithelium,  besides  the  intersti- 
tial sclerosis  met  with  in  the  form  previously  described.  If  the 
area  thus  afi'ected  is  large,  the  functions  of  the  gland  may 
become  sufficiently  impaired  to  constitute  marked  hypothyroidia, 
which,  we  have  seen,  may,  in  children,  arrest  general  develop- 
ment of  both  the  body  and  mind.  Shields^®  witnessed  an 
instance  in  which  thyroiditis  lasting  one  week  led  to  complete 
atrophy  of  the  organ  and  to  typical  cretinism.  In  a  case  reported 
by  Bonney*'**  tlie  left  lobe  was  converted  into  an  abscess  cavity. 

Symptomatolo(jy. — Though  capable  of  doing  considerable 
injury  to  the  ^ijland,  the  acute  hypcra»mia  attending  infectious 
diseases  gives  rise  to  few  tangible  phenomena,  i.e.,  slight  swell- 
ing of  the  neck,  sensitiveness  to  pressure,  and,  perhaps,  slight 
pain  during  deglutition.  Unless  looked  for,  they  will  seldom 
be  discerned,  as  thev  do  not  cause  sufficient  discomfort  to  attract 
the  attention  of  the  patient. 

In  acute  thyroiditis  the  onset,  usually  ushered  in  by  a  chill, 
is  generally  sudden ;  the  most  marked  symptom  is  difficulty  in 
swallowing  with,  sometimes,  neuralgic  pain  which  radiates 
widely  in  various  directions,  the  ears  and  neck,  even  to  the  arms 
and  occiput ;  this  is  sometimes  very  severe,  particularly  during 
deglutition  and  on  moving  the  head  from  side  to  side.  If  the 
whole  gland  is  involved  and  the  swelling,  which  is  often  the 
size  of  a  hen's  egg,  is  marked,  severe  dyspnoea  and  even  cyanosis 
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may  occur,  owing  to  pressure  of  the  inflamed  organ  upon  the 
trachea.  Paralysis  of  the  recurrent  laryngeal  may  occur  and 
produce  hoarseness  and  paroxysms  of  suffocation,  but  the 
hoarseness  and  cough  are  more  likely  to  be  due  to  involvement 
of  the  larynx  in  the  inflammatory  process.  CEdema  of  the 
glottis  may  also  occur,  as  in  cases  reported  by  Lewis  and 
O'Neill." 

The  identity  of  the  inflamed  organ  is  readily  established 
by  causing  the  patient  to  swallow,  when  the  tumor  will  rise, 
provided  the  head  is  not  bent  backward,  which  will  immobilize 
the  organ.  Headache  is  often  present  and  epistaxis  occurs  some- 
times, owing  to  pressure  of  the  enlarged  thyroid  upon  the 
cervical  veins  and  the  passive  cerebral  congestion  this  produces. 
Carotid  pulsation  has  also  been  observed  by  Broca.  The  surface 
of  the  organ  is  sometimes  quite  congested.  There  is  more  or 
less  fever  during  the  acute  stage;  it  is  sometimes  quite  high 
notwithstanding  the  absence  of  suppuration — a  fact  which  is 
ascribable  to  the  excessive  production  of  thyroiodase.  Tachy- 
cardia independent  of  temperature  has  also  been  noted  by 
Parisot.*®  As  observed  by  Jeanselme,  the  coagulating  power  of 
the  blood  is  greatly  increased.  The  morbid  process  lasts,  as  a 
rule,  but  a  few  days,  the  swelling  subsiding  completely  in  most 
instances.  Occasionally  a  certain  amount  of  enlargement  may 
persist.  Forty  per  cent,  of  the  cases  terminate  in  resolution, 
i,e,,  without  suppuration. 

When  an  abscess  is  formed  tlie  course  of  the  morbid  process 
is  more  protracted.  A  single  abscess  rarely  occurs,  the  glandu- 
lar mass  being  studded  with  numerous  purulent  foci,  which,  if 
close  one  to  the  other,  tend  to  run  together.  p]ach  abscess  tends 
to  break  through  the  adjac^ent  soft  tissues,  including  the  skin. 
The  trachea  and  oesophagus  may  therefore  be  invaded  by  a 
purulent  stream  when  rupture  occurs.  Metastatic  abscesses  may 
also  appear  in  the  cervical  cellular  tissue.  When  spontaneous 
rupture  occurs  through  the -skin,  or  when  the  abscess  is  surgi- 
cally evacuated,  the  inflammatory  process  recedes  rapidly. 
When,  however,  it  is  left  to  itself,  the  purulent  infiltration  of 
surrounding  parts  may  give  rise  to  serious  complications,  by 
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involving,  besides  the  trachea  and  oesophagus,  referred  to  above, 
the  mediastinum,  the  pleura,  and  the  lungs  proper,  causing  septic 
pneumonia,  and  also  the  large  vessels  of  the  neck  and  chest  and 
thus  causing  pyaemia.  Thyroid  abscesses  bleed  readily  and  are 
sometimes  the  source  of  severe  capillary  haemorrhages. 

Chronic  thyroiditis  may  follow  the  acute  type,  either  through 
perpetuation  of  the  infection  in  some  small  portion  of  the  gland 
or  the  formation  of  a  sinus  which  fails  to  heal.  In  the  majority 
of  instances,  however,  it  occurs  concomitantly  with  chronic 
processes,  such  as  syphilis,  tuberculosis,  echinococcus  cysts,  acti- 
nomycosis, etc.  The  prognosis  in  these  cases  is  less  favorable 
than  in  the  acute  form,  since  more  or  less  impairment  of  the 
functions  of  the  organ  follow  the  destructive  action  of  the 
abscess  upon  the  glandular  tissues  owing  mainly  to  the  fibrous 
induration  it  entails  in  various  parts  of  the  organ.  Both  the 
acute  and  chronic  types  are  prominent  causes  of  hypothyroidia 
with  its  long  train  of  morbid  results,  ranging  from  cretinism 
through  its  many  modalities  to  the  milder  types  of  myxcedema 
described. 

Diagnosis. — In  the  acute  form,  the  increased  volume  of  the 
gland,  which  sometimes  becomes  greatly  enlarged  in  a  few 
hours,  the  sensitiveness  to  pressure,  and  the  radiating  pain,  all 
locatecl  in  the  region  of  the  thyroid,  coupled  with  the  fact  that, 
on  swallowing,  this  organ,  i.e.,  the  seat  of  all  these  acute  symp- 
toms, moves  up  and  down,  render  the  diagnosis  quite  easy  in 
well-marked  cases.  When,  as  is  often  the  case,  the  inflammation 
is  unilateral,  especially  if  oodema  of  the  tissues  prevails,  it  may 
resemble  mastoiditis  or  parotitis  and  has,  in  fact,  often  been 
taken  up  for  the  latter  disease.  Its  connection  with  a  mobile 
structure  on  the  other  side  of  the  neck,  however,  renders  the 
differentiation  possible.  If  abscesses  form,  fluctuation  is  some- 
times discernible.  Qilsophageal  abscess  in  the  neighborhood  of 
the  thyroid  furnishes  much  the  same  symptoms,  but  the  mobility 
of  the  gland  during  deglutition  makes  it  possible  to  identify  it 
as  the  seat  of  abscess. 

Treatment. — The  prevention  of  acute  thyroiditis,  even  in 
its  milder  forms,  is  an  important  feature  in  this  connection, 
when  we  consider  its  pernicious  effects  upon  development  of  the 
child  and  upon  the  general  welfare  of  the  individual  at  all  ages. 
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As  previously  stated,  the  main  cause  of  the  lesions  is  the  excess- 
ive proteolytic  activity  of  the  intrathyroidal  plasma,  owing  to 
the  identity  of  the  organ  as  the  source  of  the  substance  which, 
as  I  have  pointed  out,  is  the  homologue  at  least  of  Wright's 
opsonin — Le.,  the  thyroiodase.  The  presence  of  bacteria  in  the 
thyroid  brings  to  it,  as  elsewhere,  all  the  defensive  constituents 
of  the  blood,  both  fluid  and  cellular.  The  excess  of  opsonins 
increasing  the  vulnerability  of  the  thyroidal  tissues  to  the  pro- 
teolytic activity  of  these  antibodies,  however,  these  tissues  yield 
readily  to  the  destructive  action  of  the  latter.  The  aim,  there- 
fore, should  be  to  prevent  this  complication  in  the  course  of 
febrile  infections. 

Two  measures  of  value  are  at  our  disposal  in  this  connec- 
tion. The  first  of  these  is  the  local  application  of  cold.  The 
thyroid  should  be  carefully  watched  for  any  complication,  and 
if  it  becomes  sensitive  or  swollen,  or  the  patient  complains  of 
pain  in  the  thyroidal  area,  cold  compresses  should  be  applied 
over  it.  The  effect  of  cold  is  to  reduce  local  temperature  and 
through  this  the  activity  of  the  proteolytic  enzymfes  which  the 
antibodies  of  the  blood  contain.  In  other  words,  it  is  not 
bacteria  which  do  the  damage,  but  the  excessively  active  germi- 
cidal substances  they  invite  into  the  gland,  and  by  reducing  this 
activity  with  the  aid  of  cold  the  excess  of  digestive  power  is  an- 
tagonized. That  the  bacteria  are  less  violently  attacked  under 
these  conditions  is  obvious,  but  it  is  far  better  to  allow  the  blood- 
stream to  transfer  the  germs  elsewhere  in  the  body  for  destruc- 
tion, ue.,  to  the  general  circulation,  where  their  destruction  can 
proceed  without  compromising  the  integrity  of  any  tissue  so 
vital  to  the  welfare  of  the  body  as  the  thyroid. 

The  second  measure  is  the  free  use  of  physiological  saline 
solution,  either  by  the  mouth,  rectum,  or  subcutaneously,  to 
reduce  the  viscidity  of  the  blood.  Not  only  does  this  counteract 
excessive  proteol}i:ic  activity  of  the  antibodies  which  underlies 
their  destructive  action  on  the  thyroid  and  other  tissues  and 
cells — the  underlying  causes  of  haemolysis  and  autolysis — but  it 
facilitates  osmosis  and  therefore  the  circulation  through  the 
thyroid,  which  has  been  fittingly  compared  by  B6rard  to  a 
sponge,  so  replete  is  it  with  blood.  Another  advantage  of  the 
use  of  saline  solution  is  that,  as  shown  elsewhere  (see  page  1367), 
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it  enhances  the  activily  of  the  autoprotective  process  while 
facilitating,  the  renal  elimination  of  toxins  or  the  end-products. 

The  treatment  of  acute  thyroiditis  likewise  includes  the 
use  of  the  above  measures  besides  the  remedies  the  causative 
disease  warrants.  One  feature  of  importance  in  this  connection 
is  that  a  high  blood-pressure  is  a  pernicious  feature  of  the  dis- 
orders ;  vascular  depressants,  such  as  chloral  hydrate  and  veratrum 
viride,  preferably  the  former,  therefore,  are  of  considerable  value. 
J.  C.  Wilson  has  shown  that  chloral  hydrate  can  be  used  advan- 
tageously to  reduce  the  peripheral  congestion  and  general  distress 
in  scarlatina.  As  this  and  other  exanthemata  are  relatively 
frequent  causes  of  acute  thyroiditis,  it  may  safely  be  employed 
to  counteract  this  condition. 

Surgical  measures  often  become  necessary.  According  to 
Eochcr^^ :  ^he  presence  of  pus  is  difficult  to  demonstrate  and 
premature  incision  must  be  avoided.  If  necessary,  the  gland 
itself  should  be  exposed.  If  incision  of  the  abscess  is  not  fol- 
lowed by  rapid  recovery,  the  presence  of  multiple  abscesses 
should  be  suspected.  Fistula  points  to  extensive  necrosis.  In 
such  a  case  the  affected  half  of  the  gland  must  be  excised. 
Partial  thyroidectomy  may  also  be  considered  in  cases  of 
thyroiditis  that  have  become  chronic  and  in  chemicotoxic 
thyroiditis/*  In  the  chronic  thyroiditis  attended  by  h^-po- 
th}Toidia,  thyroid  gland  should  be  given,  and  the  actually  dis- 
eased part  removed  surgically,  especially  if  dyspnoea  is  present. 


«Kocher:     Keen's  "Surgery/'  toI.  ill,  p.  880,  1906. 
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CHAI^TER  V. 

DISEASES   OP  THE   THYRO PARATHYROID 
APPARATUS  ( Continued) . 


DISORDERS  DUE  TO  EXCESSIVE  ACTIVITY  OF  THE 
THYROPARATHYROID  APPARATUS. 

OvEBACTiviTY  of  the  thyroparathyroid  apparatus,  in  keep- 
ing with  the  opposite  state,  described  in  the  preceding  chapter, 
has  been  identified  by  numerous  tenns,  the  most  used  of  which 
are  pseudo-Graves's  disease,  aberrant  or  larval  exophthalmic 
goiter,  incomplete  Basedow's  disease,  forme  fruste  de  la  maladie 
de  Basedow,  hyperthyroidism,  and  thyroidism.  The  first  five  of 
these  were  based  upon  the  fact  that  all  of  the  phenomena  were 
reproduced  in  exophthalmic  goiter,  of  which  the  disorder  is,  in 
truth,  a  mild  type.  The  absence  of  the  major  symptoms: 
exophthalmus  and  goiter,  however,  so  readily  misleads  the  clini- 
cian into  erroneous  diagnoses  that'  the  tendency  of  modem 
observers  is  to  distinguish  this  milder  type  from  true  exoph- 
thalmic goiter,  Le.,  to  regard  it  as  an  autonomous  syndrome, 
in  which  the  cardinal  symptoms  mentioned  above  are  not  sug- 
gested. Hence  the  terms  "hyperthyroidism'^  and  'thyroidism." 
As  stated  in  the  preceding  chapters,  however,  the  tenninal  "ism'' 
appears  to  me  to  suggest  the  presence  of  a  habit  rather  than  a 
morbid  process  subject  to  treatment.  I  prefer  the  term  '^yper- 
tliyroidia,"  therefore,  which,  besides  covering  this  feature, 
harmonizes  with  the  terminals  previously  used.  To  simplify 
the  term,  it  is  not  made  to  include  the  parathyroids,  though,  as 
in  hypothyroid ia,  it  must  be  understood  that  these  glandules 
are  deemed  functionally  associated  with  the  thyroid  proper  in  the 
process  to  be  described. 

HYPERTIIYROIDIA. 

(Pseudo-Graves's  Disease;  "aberrant"  or  "larval"  Exophthalmic  Goiter; 
forme  fruste  de  la  Maladie  de  Basedow;  Incomplete  Basedow's 
Disease;    Hyperthyroidism;    Thyroidism.) 

By  the  above  term  is  meant  the  aggregate  of  symptoms 
which    excessive    activity    of    the    thyroparathyroid    apparatus 
(212) 
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aiirikeiui  wbtiin  the  cardinal  symptoms  of  exophthalmic  goiter,  i.e., 
eiophihalmiiB  and  goiter^  are  missing.  There  are  still,  partic- 
nlariy  in  Europe,  a  few  obeerrers  who  deny  that  exophthalmic 
goiter  is  'doe  to  exoessiye  actitity  of  the  thyroid.  But  their 
opinion  ia  baaed  only  on  a  few  experimental  facts  which  do  not 
stand  doee  scmtiny.  Clinical  medicine  and  surgery,  on  the 
other  hand,  backed  np  by  many  expermental  data,  plead  over- 
whehningly,  however,  in  the  opposite  direction.  '?he  whole 
atructnre  of  the  sqigical  treatment  of  Graves's  disease,''  writes  A. 
E.  Elliott,^  ''rests  upon  the  theory  of  hyperthyroidism,  and,  if 
it  be  not  tme,  then  the  hundreds  of  thyroidectomies  which  are 
now  matters  of  record  remain  without  justification.  The  strik- 
ing influence  over  the  disease,  which  follows  a  well-executed 
partial  thyroidectomy,  furnishes  evidence  in  favor  of  the  theory 
of  hyperthyroidism,  which  is  so  direct  as  to  be  apparently 
irrefutable.  The  results  of  thyroid  feeding  supply  evidence 
which  is  hardly  less  conclusive.  The  administration  of  thyroid 
gland  substance,  or  thyroid  extract,  is  capable,  if  given  in  suffi- 
cient amount,  of  inducing  a  toxic  state  which  in  almost  every 
essential  is  similar  to  Graves's  disease."  That  it  can  thus  be 
caused  both  in  man  and  in  the  lower  animals,  has  been  observed 
by  Notthaft,  Edmunds,  and  others.  "An  artificial  state  of 
hvperthyroidism  is  thereby  produced/'  also  writes  Elliott,  "which 
duplicates  almost  in  full  tlie  morbid  syndrome.  Even  the 
characteristic  exophthalmic  symptoms  have  been  observed  after 
thyroid  feeding  by  Auld,  B6cl^re,  and  others,  and  Edmunds  was 
able  to  induce  proptosis,  widening  of  the  palpebral  fissure,  and 
dilatation  of  the  pupils  in  six  monkeys  by  this  means,  even 
after  excision  of  a  portion  of  the  cervical  s}Tnpathetic."  That  it 
is  the  iodine  of  the  thyroiodase  which  produces  it,  is  also  shown 
by  the  statement  of  Kocher  that  excessive  iodide  treatment  is 
responsible  for  the  development  of  exophthalmic  goiter  in  more 
cases  than  is  generally  recognized,  the  form  produced  being  a 
severe  one. 

As  to  the  manner  in  which  such  marked  phenomena  as  those 
witnessed  in  hyperthyroidia  and  its  aggravated  form,  exoph- 
thalmic goiter,  by  an  excess  of  thyroid  secretion,  it  must  be 
frankly  stated  that  the  existing  confusion  is  eliminated  when 

^EUlott:    Am«r.  Jour.  Med.  Sci..  Sept.  1907. 
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the  functions  of  the  thyroparathyroid  apparatus  are  interpreted, 
in  keeping  with  the  conclusions  submitted  in  the  third  chapter, 
(1)  that  the  thyroiodase  sustains  oxidation  and  both  phases  of 
metabolism — anabolism  and  catabolism — ^by  sensitizing  or  increas- 
ing the  inflammability  of  the  phosphorus  of  all  tissues — ^including 
the  adrenals  and  their  center  and  nerves — ^to  the  action  of  adrenoxi- 
dase,  and  (2)  that  it  participates  through  this  same  sensitizing 
action  upon  all  wastes  and  other  eliminable  refuse  materials  in 
the  blood  and  scavenger  cells,  in  the  auto-protective  functions  of 
the  body,  both  in  health  and  disease.  These  two  functions  once 
thoroughly  apprehended,  we  shall  find  that  the  clinical  history 
of  these  cases  is  not  difficult  to  understand.  It  is  perhaps  un- 
necessary to  state  that  the  symptomatology  of  hyperthyroidia 
illustrates  only  the  phenomena  due  to  exaggeration  of  metabo- 
lism, and  that  the  increased  immunizing  activity  which  it  entails 
gives  rise  to  no  individual  phenomena. 

While,  as  conceded  above,  there  is  ground  for  the  recognition 
of  hyperthyroidia  as  a  separate  syndrome,  the  fact  remains  that 
its  etiology,  pathology,  symptomatology,  and  medicinal  treat- 
ment are  practically  the  same  as  those  that  obtain  in  exoph- 
thalmic goiter.  It  is  unnecessary,  therefore,  to  treat  the  former 
under  a  separate  head,  the  reader  being  requested  to  look  upon 
hypothyroidia  as  less  severe  symptomatically  than  true  exoph- 
thalmic goiter,  and  as  presenting  neither  its  two  cardinal  signs : 
exophthalmus  and  goiter,  nor  its  progressive  lethal  trend,  unless, 
as  is  often  the  case,  it  lapses  into  this  severe  form. 

EXOPHTHALMIC  GOITER. 
(Parry's  Disease;   Graves's  Disease;    Basedow's  Disease.) 

Beferring  to  this  disease,  in  the  earlier  editions  of  this 
work,^  I  advanced  the  view  that  it  was  in  conjunction  with  the 
adrenals  that  the  overactive  thyroid  gland  provoked  what  I 
regarded  as  the  sthenic  or  first  stage  of  the  disease,  my  conclusion 
to  this  effect  being:  "Exophthalmic  goiter  is  due  to  over- 
activity of  the  thyroid  and  adrenal  glands,  and  to  the  exag- 
gerated tissue  oxidation  this  entails."  We  have  seen  that  the 
labors  of  Kraus  and  Friedenthal,  Kostlivy,  and  Hoskins  have 

*  Sajous:     "Internal  Secretions."  etc.,  yol.  1,  p.  164.  1903. 
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Bustained  this  view.  I  also  concluded  at  the  time^  that  the  stage 
of  the  disease  (not  always  reached  because  of  recovery  or  death) 
which  simulates  myxoedema  entailed  also  adrenal  insufficiency, 
the  conclusion  submitted  being:  "The  asthenic  or  second  stage 
of  exophthalmic  goiter  is  due  to  exhaustion  and  functional 
insufficiency  of  the  thyroid  and  adrenal  glands,  as  a  result  of 
their  prolonged  overactivity  during  the  sthenic  stage/*  Here 
we  have  familiar  clinical  facts  besides  those  of  myxoedema,  to 
sustain  my  position.  Thus,  referring  to  a  case  in  which  the  skin 
had  assumed  "a  peculiar  bronze  color,''  W.  Macphan  Semple' 
expressed  the  opinion  that  there  might  "possibly  be  some  more 
intimate  connection  between  Graves's  disease  and  Addison's  dis- 
ease than  has  been  so  far  acknowledged";  HirschlafT*  also  re- 
ported a  case  due  to  fright  in  a  girl,  in  which  "there  was 
extensive  brownish  pigmentation";  von  Schrotter®  likewise  ob- 
served a  case  in  which  "patches  of  dark-brown  pigmentation  were 
found  over  the  entire  body."  *  In  truth,  we  are  dealing  with  a 
not-infrequent  symptom  of  the  disease,  and  recognized  as  such 
by  classics,  which  clearly  points  to  involvement  of  the  adrenals. 

We  must  not,  however,  as  has  been  done,  construe  this  as 
meaning  that  I  "consider  Graves's  disease  to  be  the  result  of 
excessive  suprarenal  activity,  while  myxoedema  is  due  to  the 
opposite  condition,  adrenal  insufficiency."  My  position  is  speci- 
fied in  the  two  conclusions  quoted  above.  Were  the  adrenals 
alone  active  in  Graves's  disease,  its  symptoms  could  not  be 
distinguished  from  those- evoked  by  adrenal  overactivity,  treated 
in  the  preceding  chapter.  Acting  conjointly  with  -the  thyroid, 
however,  the  latter  introduces  factors  that  are  directly  traceable 
to  it:  the  marked  emaciation,  for  example,  due  to  the  rapid 
consumption  of  the  body  fat  in  this  disease,  as  well  as  in  certain 
adipose  subjects  treated  with  thyroid.  I  have  pointed  out  the 
influence  of  the  adrenals  on  oxidation.  Now  Magnus  Levy, 
Salomon  and  also  Steyrer  found  tiiat  the  respiratory  exchanges 
were  increased  from  50  to  80  per  cent.'^*  in  Graves's  diseaee. 

Yet  this  does  not  mean  that  the  influence  of  either  organ 
may  not  predominate  in  proportion  as  its  relative  efficiency  is 

*Semple:     Bristol  Medlco-Chirurglcal  Journal.   June,   1®8. 
^Hirschlaff:     Zeit   f.   klin.   Med.,   Bd.   xxxvi,   H.  3-4,  1898. 
*Von   Schrdtter:     Medizinisohe   Klinik,   April  5.   1908. 
••  Biedl:    "Internal  Secretory  Organs,"  p.  98,  1913. 
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superior.  Thus,  Washburn,*  in  a  test  of  my  contention  that  the 
adrenals  take  part  in  the  process,  writes:  "Then  we  should 
expect  high  blood-pressure  during  a  considerable  part  of  the 
clinical  course,  that  is,  during  the  period  of  adrenal  overactivity," 
and  he  gives  160,  170,  160,  and  200  mm.  Hg  observed  by  him  in 
four  cases  as  proof  of  the  correctness  of  my  postulate.  While 
this  is  perfectly  true,  and,  as  observed  by  SpiethofT,^  Morris  and 
Edmunds,*  and  others,  there  is  a  tendency  toward  a  moderate 
rise  of  blood-pressure,  the  fact  remains  tliat  in  severe  or  advanced 
cases,  contrary  to  what  we  should  expect  under  the  influence  of  a 
marked  excess  of  adrenal  secretion  in  the  blood,  there  is  a  re- 
markable dilatation  of  the  arteries  of  the  entire  organism  with 
pulsation  in  the  liver,  spleen,  capillaries,  etc.  Why  should  this 
occur?  As  we  shall  see,  this  is  due  to  the  action  of  the  thyroid 
secretion,  which,  exaggerated,  oflEsets  that  of  the  adrenal  eecretion. 

And  it  is  between  the  thyroid  and  the  adrenals  that  the 
symptomatology  finds  its  elements.  The  exaggerated  secretory 
activity  of  both  organs  being  synchronous,  we  have  merely  a  cor- 
respondingly exaggerated  expression  of  their  normal  functions. 
Thus,  if  the  thyroid  functions  exceed  those  of  the  adrenals,  we 
have  vasodilation  and  a  more  or  less  marked  depression  of  the 
blood-pressure,  while  if  the  adrenals  predominate  there  is  a  rise 
of  blood-pressure  such  as  that  observed  by  Washburn.  The  pres- 
ence in  the  blood  of  an  excess  of  adrenalin,  in  fact,  has,  since  I 
urged  the  participation  of  the  adrenals  in  Graves's  disease,  been 
demonstrated  by  Kraus  and  Friedenthal,**  and  also  by  A. 
Praenkel."** 

When  fully  developed,  however,  it  appears  to  me  that: — 

Exophthalmic  goiter  is  a  constituiit)nal  disease  due  to  ex- 
cessive  functional  activity  of  the  thyroparathyr.oid  apparatus, 
and  to  the  resulting  dilatation  of  all  arteries  which  the  excess 
of  ihyroparathifroid  secretion  causes  by  producing  excessive  phos- 
phorus oxidation  {and  elimination  as  ^2^6)  *^  ^^  tissues,  in^ 
duding  the  vascular  muscles  and  the  depressor  nerve. 

Pathogenesis  and  Symptomatology. — ^As  recently  stated 
by  Biedl**®  "Graves's  disease  is  the  direct  outcome  of  the  flooding 

*  Washburn:    Wiscontln  Medical  Journal.  March.  1907. 
TSpiethoff:     Zentralblatt  f.  innere  Med..  Bd.  xxiil,  S.  849.  1902. 

*  Morrlt  and  Edmunds:  Medical  News.  vol.  IxxxtI.  p.  62.  1906. 
•"  Kraus  and  Friedenthal.  Berliner  kiln.  Wochen..  8.  1709.  1908. 
"*  A.  Fraenkel:    ArcblT  f.  exp.    Path.  u.  Pharm..  June,  1909. 

■<  Bledl:     "Internal  Secretory  Organs,"  p.  102.  1913. 
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of  the  OTganism  with  thyroid  substances."  But  from  my  view- 
pointy  the  clinical  and  therapeutic  sides  of  the  question  render  it 
advantageous  to  recognize  three  stages :  1,  the  sthenic  or  erethic 
stage,  during  which  the  overactive  thyroparathyroid  apparatus 
causes  excessive  sensitization  of  the  phosphorus  of  all  tissues  to 
oxidation^  and,  therefore,  abnormally  active  cellular  metabolism ; 
2,  the  transitional  stage,  during  which  the  overworked  thyroid  is 
beginning  to  be  restrained  by  the  gradual  formation  of  sclerotic 
areas  and  atrophy  and,  3,  the  asthenic  or  myxosdematotts  stage, 
during  which  progressive  fibrosis  and  atrophy  increasingly  inhibit 
the  functions  of  the  organ  and  finally  cause  the  patient's  death. 
The  general  vasodilation,  though  an  important  feature  of  the 
process,  is  incidental,  and,  as  previously  stated,  subject  to 
fluctuations. 

Sthenic  or  First  Stage. — ^Under  ^Tiyperthyroidia"  we 
have  seen  how  clearly  the  excess  of  thyroiodase  enhances  all 
cellular  activities— driving  the  cell  to  death,  as  it  were.  That 
the  thyroid  secretion  and  extracts  increase  tissue  oxidation  is 
generally  recognized,  but  unlike  the  oxidation  produced  by  an 
excess  of  adrenal  secretion  or  extract  there  occurs,  under  the 
influence  of  the  thyroid  secretion,  phosphoric  acid  metabolism 
and  excretion,  upon  which  Chittenden^  bad  laid  stress.  This  is 
a  feature  of  the  action  of  thyroid  products  upon  all  phosphorus- 
containing  structures,  which  stand  out  even  more  prominently 
in  the  clinical  history  of  exophthalmic  goiter  than  in  the  mihler 
hyperthyroidia.  The  brain  and  nervous  system  are  especially 
rich,  as  well  known,  in  this  element.  The  influence  of  the  excess- 
ive tJiyroid  activity,  therefore,  is  shown  by  the  greater  agitation, 
restlessness  (children  being  unusually  irritable),  hallucinations 
of  sight  and  hearing,  capriciousncss  or  unusual  gayety  in  the 
sthenic  stage,  which  not  infrequently  includes  also  pseudo- 
hysteria,  delirium,  and  even  mania.  Nervous  disorders  are  so 
evident  in  the  disease  that  the  latter  has  been  considered  by  many 
excellent  authorities,  including  Putnam,  as  a  neurosis.  Tremors, 
especially  marked  in  the  upper  extremities,  but  not  infrequently 
involving  even  the  muscles  of  the  back  and  of  the  whole  body — 
felt,  as  indicated  by  Maude,  by  placing  the  hands  on  the  patient's 
shoulders  while  he  is  standing — are  practically  ubiquitous  in 

*  Chittenden:    Trans.  Cong.  Amer.  Phys.  and  Surg.,  Tol.  Iv,  p.  87,  1897. 
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tliesc  cases.  Even  tlie  voice  may  become  strid^it  and  tiemnlouB. 
Choreic  movements  (which  may  replace  tremors  in  children), 
local  cramps,  muscular  spasms,  and  even  epileptic  convnlaions 
are  classic,  and  by  no  means  rare,  symptoms  of  the  disease.  They 
denote  undue  erethism  in  the  cerebrospinal  axis  and  the  periph- 
eral nerves,  and  explain  the  excessive  excretion  of  PjOj.  The 
undue  carboliydrate  metabolism  noted  by  Kraus,  Ludwig,  Chvo- 
stek,  and  others  are  but  additional  expressions  of  the  same  factor. 

We  cannot  ascribe  to  the  thyroid  secretion  per  se  any  more 
than  to  the  tliyroid  preparations  in  common  use  the  powerful 
oxidizing  power  this  denotes.  It  is  here  that  "oxidizing  fer- 
ment" of  the  blood,  i,e,,  the  adrenal  secretion  converted  into 
adrenoxidase,  comes  into  play.  Indeed,  concomitantly,  we  find 
the  evidences  of  increased  oxidation.  While  a  rise  of  tempera- 
ture to  100°  or  101°  is  tlie  rule,  some  cases  show  a  tendency  to 
an  acute  febrile  state,  as  observed  by  Oilman  Thompson  in  a 
series  of  70  cases,  the  fever  reacliing  104**  P.  and  continuing 
sometimes  several  weeks,  and  recurring  every  now  and  then. 
Few  diseases,  in  fact,  furnish  examples  of  such  temperatures. 
In  a  case  ol)servTd  ])v  Kendu,*^  it  reached  in  the  course  of  one 
of  those  exacerbations  110°  F.,  remaining  two  days  between  107** 
and  1 10°  F.  The  patients  often  complain  bitterly  of  a  sensa- 
tion of  warmth,  of  "burning  fluslies/'  especially  when  pruritus 
and  sweating,  both  due  to  excessive  metabolism  in  the  skin  and 
sweat-glands,  are  present.  The  increased  demand  for  food  and 
fluids  betokens  the  intense  rate  of  metabolism  to  which  the 
tissues  are  subjected;  indeed,  polydipsia  and  boulimia  are 
common.  Yet,  emaciation  proceeds;  the  thyroiodase,  by  in- 
creasing the  vulnerability  of  the  nucleus — also  rich  in  phos- 
phorus— of  all  fat  cells  to  oxidation  by  the  adrenoxidase,  finally 
consumes  all  reserve  fats ;  then  follow  nitrogenous  tissues,  whose 
cell  nuclei  are  likewise  rich  in  phosphorus. 

The  vascular  phenomena,  referred  to  above,  and  others  they 
entail,  are  due,  as  stated  in  my  definition,  to  this  excessive  oxida- 
tion and  breaking  down  of  all  organic  phosphorus,  including  that 
of  vascular  and  nerve  cells,  and  particularly  Ludwig  and  Cyon's 
depressor  nerve,  which,  as  is  well  known,  causes  general  vaso- 
dilation and  a  fall  of  the  blood-pressure.    Cyon  found,  moreover, 

^  Rendu:    Lyon  medical.  March  11,  1900. 
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that  thyroid  extracts  excite  the  depressor  nerre,  an  e£Fect  which 
the  action  of  thyroid  on  the  phosphorus  of  all  cells  explains. 

The  vascular  dilatation  may  affect  all  the  arteries  of  the 
body  and  be  sufSciently  marked  to  cause  pulsation  of  all  the  large 
arterial  trunks^  most  marked  at  the  carotids  and  transmitted 
to  the  capillary  system.  It  explains  many^  now  obscure^  phenom- 
ena that  attend  the  disease.  The  tendency  to  haemorrhages  in 
the  mucous  membranes  and  skin  is  doubtless  due  to  the  fact  that 
the  dilated  arterioles  admit  blood  into  the  capillaries  in  excess 
of  the  volume  the  venules  can  readily  carry  off.  Hence^  the 
flushing  of  the  skin,  the  hsemorrhagic  areas  in  the  mncous  mem- 
branes, the  epistaxis,  tlie  coffee-ground  emesis,  the  subcutaneous 
extravasations  of  blood  which,  as  in  Popoff's  case/^  may  attain 
huge  dimensions,  the  telangiectasis,  and,  indeed,  the  gangrene 
occasionally  witnessed.  To  the  vasodilation  may  also  be  ascribed 
the  cedemas  often  observed  in  the  eyelids  and  legs,  the  fugitive 
swellings  of  the  face,  neck,  arms,  and  joints,  none  of  which  are, 
of  course,  beneficially  influenced  by  thyroid  treatment.  A  dis- 
tinct 'Vhirr"  may  be  heard  in  some  cases  over  large  vessels,  as  a 
result  of  the  unusual  volume  of  blood  circulating  through  them. 

The  thyroid  is,  as  a  rule,  only  moderately  enlarged,  and  its 
greatly  dilated  vessels  likewise  give  rise  to  a  distinct  whirr  under 
auscultation,  while  palpation  elicits  a  thrill.  During  the  first 
stage  the  goiter  is  relatively  soft,  and  yields  under  pressure. 

Exophthalmos,  commonly  the  first  sign  (sometimes  unilat- 
eral), belongs,  when  not  merely  apparent,  i.e.,  due  to  retraction 
of  the  eye-lids,  to  the  same  vasodilation  of  depressor  origin,  the 
vessels  behind  the  eye-ball,  especially  of  the  retro-bulbar  venous 
plexus,  becoming  greatly  engorged.  Here  also  we  have  dilatation 
of  the  arterioles,  which  admits  an  excess  of  blood  into  the  tissues 
drained  by  this  venous  plexus.  At  first  the  exophthalmos 
fluctuates  with  the  vascular  dilatation,  and  mav  even  be  caused 
to  disappear  temporarily  by  pushing  gently  on  the  eye-balls. 
Later,  no  recession  occurs  owing  to  the  local  deposition  of  fat 
and  connective  tissue. 

Stellwag's  sign  (in  reality  Dalrvmple's,"  who  described  it 
twenty  years  earlier),  retraction  of  the  lids,  also  finds  its 
explanation  in  this  vascular  dilatation:    the  palpebral  muscle 

upopoff:    Neurol.  Centralblatt.  April  15.  1900. 
"Dalnrmple:    London  Lancet,  May  26,  1849. 
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receiving  an  excess  of  arterial  blood,  it  is  unduly  spastic,  in 
keeping  with  other  muscles  of  the  body.  This  applies  also  to 
Graef e's  sign :  lagging  of  the  upper  lid  when  the  eye-ball  moves 
downward;  its  muscle  being  spastic,  it  cannot  carry  on  its 
movements  physiologically,  that  is  to  say,  synchronously  with 
those  of  the  eye-ball.  This  spastic  state  may,  in  fact,  be  dis- 
cerned by  means  of  L.  Napoleon  Boston's  sign*':  The  head 
being  firmly  braced,  the  patient  is  directed  to  follow  as  high  as 
possible  with  his  eyes  the  operator's  hand,  raised  upward,  start- 
ing from  the  level  of  the  patient's  chin  about  three  feet  away 
from  his  face,  then  brought  down  again.  The  upper  lid  will  be 
noticed  to  follow  the  pupil  downward  a  short  distance,  then  to 
stop,  when  what  the  author  terms  a  "spasm"  occurs  before  it 
resumes  its  downward  course.  The  dependence  of  both  Stellwag's 
and  von  Graefe's  signs  upon  so  fluctuating  a  factor  as  the  cir- 
culation is  shown  by  the  fact  that  they  may  vary  from  day  to 
day  and  that  they  are  not  constant. 

The  tachycardia,  one  of  the  cardinal  signs  of  the  disease, 
in  the  light  of  these  facts,  is  an  expression  of  the  febrile  process, 
but  only  in  part,  for  it  persists  even  when  the  temperature  is 
practically  normal.  The  erethism  of  the  central  nervous  system 
and  of  the  nerves  themselves,  including  the  accelerator  nerve, 
provoked  by  excessive  oxidation  in  them,  being  taken  into  ac- 
count, however,  the  abnormal  pulse-rate  finds  its  normal  explana- 
tion even  without  the  presence  of  a  febrile  state.  Especially 
must  this  be  the  case  in  view  of  the  fact  that  the  myocardium 
itself  is  rendered  hyperexcitable  by  the  blood  overladen  with 
thyroiodase  and  adrenoxidase  it  receives.  The  cardiac  symptoms 
of  the  disease,  extreme  irritability,  distressing  violent  palpitar 
tions,  with  loud  valvular  sounds,  especially  marked  at  night,  and 
oven  endocarditis,  betoken  the  presence  of  such  a  condition  of 
the  entire  cardiac  mechanism.  In  children,  in  whom  the  disease 
develops  rapidly,  as  a  rule,  the  cardiac  signs  are  often  the  first 
to  appear. 

The  respiratory  phenomena  are  closely  allied  to  the  cardiac, 
in  that  the  respiratory  muscles,  including  the  diaphragm,  are 
also  rendered  supersensitive  by  the  excessive  oxidation  to  which 
they  are  subjected  by  the  blood,  and  the  irritability  of  the  nerves : 

"Boston:     New  York  Medical  Journal,  August  17,  1907. 
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tlie  plirenie,  the  respiratory  aerve  of  Beil,  tlie  vagus,  etc.,  they 
rt'i-eive.  The  chest  miiBdes  being  cramped,  their  excureionB  are 
restricted,  and  tlie  air  intake  is  correspondingly  reduced.  That 
the  broncliial  niuecles  are  likewiee  contracted,  abnormal'y  re- 
ducing the  caliber  of  tlie  air  cliannels,  is  probable.  These  two 
sources  of  diminished  respiratory  capacity  suffice,  it  seems  to  me, 
to  explain  the  sensations  of  suffocation  or  dyBpneea  so  often 
observed  in  these  eases.  As  is  the  case  with  the  tachycardia, 
this  dyspnoea  is  subject  to  crises,  during  which  the  respirations 
become  extremely  rapid,  sixty  a  minute,  sometimea,  as  observed 
in  two  cases  by  yharp."  This  observer  noted  that  "opium  hail 
a  marvelous  action  in  slowing  the  respirations,"  As  shown  in 
the  second  volume,  page  12T2  of  this  work,  opium,  from  my 
viewpoint,  produces  its  effects  by  causing  constriction  of  the 
arterioles — thus  op|K)sing  precisely  the  muscular  hypenemia  to 
which  I  ascribe  the  abnorina!  effects. 

The  alimentary  canal  is  morbidly  influenced  by  the  same 
process,  congestion  and  irritability  of  the  gastric  mucosa  and 
muscular  coat  predisposing  to  emesis.  A  similar  condition  of 
the  intestine  is  the  underlying  cause  of  diarrhcea.  The  liver, 
spleen,  and  lyniph-glande  are  often  found  enlarged.  ITie  I 
hvpenemia  of  all  organs  moreover  gives  rise  to  a  general' ma/ni«e 
or  sensation  of  discomfort,  the  sensory  terminals  of  all  nerves 
being  rendered  irritable. 

Various  complications  may  occur,  moat  distressing  of 
which  is  ulceration  of  the  cornea  and  loss  of  vision,  through  loss 
of  protection  of  the  lids  and  imperfect  lachrymation  and  lubrica- 
tion of  the  ocular  surface. 

Some  cases  of  exophthalmic  goiter  recover  spontaneously, 
though  very  gradually;  others  suddenly  enter  into  a  rapid  down- 
ward course,  which  \V.  G.  Thompson  has  compared  to  malignant 
endocarditis,  for  which  disease  it  is  frequently  taken.  A  very 
rapid,  tumultuous,  and  irregular  heart  action;  hyperpyrexia; 
dyspnrea  with  labored  breathing;  vomiting;  diarrhtea;  hiemor- 
rhages  and  ecchymoses;  marked  congestion  and  enlargement  of 
the  liver;  delirium;  stupor,  and  coma.  In  most  cases,  however, 
the  typical  symptoms  of  hyperthyroidia  are  replaced  by  a  period 
of  apparent  quiescence — the  transition   stage — and  then  lapse 

"Sharp:      Loodon    Luicet,    June    E7,    IMX 
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into  those  of  liypotli3'roidia,  the  normal  terminal  morbid  process 
of  progressive  exophthalmic  goiter. 

Transition  Stage. — What  appears  to  me  to  be  entitled  to 
this  designation  is  a  period  in  the  course  of  the  disease  when 
there  occurs  apparently  considerable  improvement.  The  skin 
ceases  to  be  abnormally  moist,  the  heat  flushes,  the  sensation  of 
heat  and  the  fever  disappear,  and  the  skin  loses  its  suffused  ap- 
pearance, and  may  even  become  pale.  The  tremors  and  nervous 
irritability,  and  even  the  mental  aberrations  and  emotionalism, 
are  replaced  by  a  gratifying  placidity;  the  tachycardia  greatly 
lessens,  though  reawakened  by  exertion.  The  emaciation  tends 
also  to  disappear,  and  the  patient,  though  weak,  may  even  show 
a  tendency  to  corpulence.  On  the  whole,  he  appears  to  his  sur- 
roundings greatly  improved  and  even  on  a  fair  way  to  recovery. 

If  the  goiter  be  examined  with  due  care  at  this  time,  it 
will  be  found,  at  least  in  most  instances,  to  have  receded,  and 
to  have  lost  somewhat  of  its  rounded  shape.  Its  former  softness 
still  remains  in  some  places,  but  in  others  nodular  masses  or 
bosses  can  readily  be  detected  by  passing  a  finger  over  the  mass, 
and  exerting  slight  pressure.  The  meaning  of  this  is  self- 
evident  :  the  goiter  is  undergoing  atrophy  owing  to  the  sclerotic 
areas  with  which  it  is  now  studded,  and  the  transition  stage  is 
that  period  of  the  process  during  which  the  normal  tissues,  i.e., 
what  remains  of  them,  are  just  able  to  sustain  the  metabolic 
equilibrium — although  the  latter  is  further  compromised  by  the 
deficiency  of  cellular  phosphorus  following  its  excessive  oxidation. 
The  time  finally  arrives  when  the  thyroid  secretion  produced  is  no 
longer  sufficient  and  the  case  then  enters  into  the : — 

Asthenic  or  M yxa^dcmatous  State. — In  this  stage,  reached, 
as  previously  stated,  if  cure  or  death  does  not  occur  early  in  the 
course  of  the  disease,  we  witness  the  results  of  exhaustion  of  both 
the  tbvroid  and  the  adrenals  with  fibrosis  of  the  former.  The 
recognition  of  this  fact  is  important,  for,  while  thyroid  prepara- 
tions are  very  harmful  in  the  first  stage,  as  many  reported  cases 
show,  they  may  be  useful  when  myxoederaa  has  appeared.  During 
the  transition  period  the  change  is  so  rapid  in  some  cases  that 
certain  s}^nptoms  of  both  exophthalmic  goiter  and  myxoedema 
may  occur  together,  the  case  lapsing  ultimately  into  myxoedema. 
In   textbooks   its   symptoms,   unrecognized,   are  promiscuously 
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merged  in  with  those  of  exophthalmic  goiter.  In  a  case  wit- 
nessed by  de  Smet,"  the  transition  followed  premature  labor, 
the  goiter  alone  remaining  of  the  first  disease.  The  exoph- 
thalmns  may  also  persist. 

The  myxoedematous  phenomena  include  most  of  those 
reviewed  under  Myxoedema,  i,e,,  the  manifestations  of  hypo- 
thyroidia  and  hypoadrenia,  and,  as  previously  shown,  the 
symptoms  of  impaired  oxidation  and  metabolism  these  condi- 
tions entail.  They  are,  briefly:  hypothermia,  sensation  of 
coldness,  obesity  with  a  non-pitting,  rough,  dry  skin ;  supra- 
scapular swellings  or  pads,  loss  and  coarseness  of  hair,  brittleness 
and  ridging  of  the  nails,  predisposition  to  onychia;  various 
cutaneous  disorders,  leucoderma,  scleroderma,  vitiligo,  brown 
pigmentation,  etc.;  mental  torpor,  depression,  and  irritability. 
There  is  intense  weakness,  especially  of  the  legs,  with  occasion- 
ally a  tendency  to  tabes-like  paralysis,  hemiplegia,  or  muscular 
atrophy,  which  may  begin  during  the  sthenic  stage.  There  is  a 
tendency  to  greater  heart  weakness  and  dilatation  than  in 
ordinary  cases  of  myxoedema,  owing  probably  to  exhaustion  of 
the  cardiac  muscle  during  the  sthenic  stage.  If  the  patient  ia 
not  carried  oflf  by  some  intercurrent  disease,  cachexia  supervenes 
with  a  tendency  to  fainting  spells  and  heart-failure,  the  usual 
cause  of  death. 

Enlargkd  Thymus  as  Complicating  Factor. — The  thy- 
mus sometimes  assumes  considerable  importance  in  the  patho- 
genesis, pathology,  and  prognosis  of  exophthalmic  goiter,  and 
may  even  assume  the  leading  role.  Both  Halsted*®  and  Kocher 
hold  that  these  cases  are  exceptional,  the  former  surgeon  having 
met  about  20  in  a  series  of  500  cases  treated  by  him ;  others — 
von  Haberer,  for  example — deem  them  more  frequent  than  is 
generally  supposed.  The  fact  remains,  however,  that  the  thy- 
mus has  been  found  persistent  in  about  82  per  cent,  of  the  cases 
of  exophthalmic  goiter  examined  post  mortem  in  subjects  in 
whom  death  had  been  due  to  intercurrent  diseases,  and  that  out 
of  133  recorded  patients  who  had  died  during  or  soon  after  an 
operation  on  the  thyroid,  ligation  of  arteries,  lobectomy,  etc.,  for 
exophthalmic  goiter,  Matti^'  found  that  76.5  per  cent,  had  an 

»»De  Smet:     Le  bulletin  medical.  Oct  24,  1906. 

i*HalBted:    Johns  Hopkins  Med.  Bull.,  Aug..  1914. 
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unu«Uji)Iy  Urge  thymiu.  According  to  CapeDe  &t  pfaportkn 
IM  1^5  iHfT  r^nt.  Such  cases  are  a  eouroe  of  great  aiuoetr  to  the 
aitiffi'lifig  physician.  Death  may  not  only  occur  raddesilT  dur- 
ing any  of  ttie  operative  procedures  on  the  thyroid, 'but  several 
ilayn  ntU'j  the  operation  or  even  when  the  patient  is  apparently 
roiivalDM'cnt. 

Although  HalKted  states^  and  doubtless  correcthr,  ftat  the 
rlmrttcUffiMtic  features  which  most  of  these  cases  pra^it  are 
grunt  oiiiaciation,  dilatation  of  the  heart,  sweating,  diarrhoea, 
rnlativfOy  iiliKlit  exophthalmus,  not  excessive  tachycardia,  small 
Koilur,  and  fnKiucntly  a  peculiar  grayish,  bronze-hned  skin,  my 
own  iixporiitnce  iiaH  been  that  it  is  difficult  to  identify  these 
mMm  tlirnuf(li  thin  aggregate  of  phenomena'.  The  clinical  history 
of  man VI  |Htr»4onal  and  reported  cases  of  exophthalmic  goiter 
nhnwN,  in  fiM'l.  tlmi  thcHe  symptoms  may  occur  irrespectiTe  of 
iin.v  jmi'lifipation  of  the  tliymus  in  the  morbid  process.  Yet  the 
|ii'iim«iU'o  tif  thin  group  of  symptoms  suggests  pointedly  thymic 
inlluont'it  iind  tho  importance  of  establishing  this  feature  of  the 
imllui^itiumiM  on  a  firm  basis,  since  the  presence  of  a  persistent 
(h>mnM  in  a  cano  of  (Jravcs's  disease  increases  greatly  its  malig- 
nanrv,  and  oftt^n  calln  for  surgical  intervention. 

Thoh*  aro  a  few  Hyniptoms  that  stand  apart  from  the 
hplial  (h*avi»H  nyndrome  whidi  facilitate  materially  the  recogni- 
(lim  «»f  llivmii'  inllucncc.  When  the  goiter  is  small  and  the 
|iiiHHiliilitv  of  proHHure  symptoms  from  this  source  is  eliminable, 
ilN»i|inoNi  on  exertion  with  a  sensation  of  pressure  behind  the 
manubrimn  is  suggestive.  It  is  this  symptom  which,  suddenly 
aggravaUMl,  may  end  in  death,  after  an  o|H>ration  on  the  thy- 
roid. The  patient  may  then  of  a  sudden  g^sp  fv^r  breath, 
become  cyanotic  and  violently  exciteil,  thou  lajKsi^  into  uncon- 
wiousness  and  promptly  die.  Dyspliagia  witli  a  stMisation  of 
impediment,  the  patient  referring  to  a  **lump"  also  bt^iind  the 
manubrium,  may  likewise  be  comi>lainiHl  of.  The  superficial 
veins  of  the  chest  or  neck  may  ap}>ear  abnormally  dilated  and 
prominent.  An  X-ray  examination  and  dullness  over  the  thymic 
area  will  probably  indicate  the  presence  of  a  jx»rsistent  thymus, 
which,  firmly  wedged  behind  the  hard  and  resistant  manubrium, 
presses  more  or  less  upon  the  underlying  blood-vessels  and 
nerves.    It  is  to  this  pressure  that,  from  my  viewpoint,  these 
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symptoms  should  be*  ascribed^  the  anatomical  relations  being 
such  as  to  account  for  them. 

An  important  feature  which  I  have  never  seen  mentioned 
in  this  connection^  is  that  the  size  of  the  thymus  varies  greatly 
with  the  quantity  of  food  ingested.  Thus,  what  has  been  con- 
sidered as  atrophy  of  the  organ  in  infantile  marasmus  is  in 
reality  a  contraction  of  the  sponge-like  organ,  which  may  readily 
be  produced  by  starvation.  Again,  any  condition  capable  of 
raising  the  vascular  tension  may.  so  congest  the  gland  as  to  in- 
crease its  volume  materially.  Hence  the  temporary  aggravation 
of  the  dyspnoea,  dysphagia,  etc.,  under  the  influence  of  exercise, 
a  copious  meal,  etc.  Were  all  symptoms  due  to  a  thymic  toxi- 
cosis they  would  be  continuous,  as  are,  in  fact,  some  of  those 
enumerated  by  Halsted, — ^marked  emaciation,  dilatation  of  the 
heart,  sweating,  etc. 

How  is  this  thymic  toxicosis  produced?  This  feature  of 
the  problem,  which  has  remained  obscure,  finds  a  normal  expla- 
nation through  the  interpretation  of  the  functions  of  the  thy- 
mus I  urged  in  the  present  work  in  1903.  Briefly,  as  stated 
in  the  next  chapter  when  describing  the  functions  of  this  organ, 
it  supplies,  through  the  agency  of  its  lymphocytes,  the  excess  of 
nucleins  which  the  body,  particularly  the  osseous,  nervous,  and 
genital  systems,  requires  during  its  development  and  growth 
— i.e.,  during  infancy,  childhood,  and  adolescence,  or  later  if 
need  be,  to  construct  and  sustain  the  functions  of  the  nuclei  of 
its  cells.  In  otlier  words,  as  is  well  known,  we  are  dealing  with 
an  organ  of  temporary  usefulness,  as  far  as  its  maximum  activity 
'goes,  whose  activity  should  virtually  cease  at  a  given  time — i.e., 
when  the  permanent  purveyors  of  nuclein-producing  lympho- 
cytes, the  bone-marrow  and  lymphatic  glands,  are  able  fully  to 
carry  on  their  functions.  When,  however,  this  permanent  func- 
tion is  fully  established,  and  a  persistent,  or  even  hyperplasic 
thymus  continues  abnormally  its  functions,  we  have  fwo  sources 
of  nucleins,  one  of  which,  the  thymic,  is  in  excess  and,  therefore, 
injurious. 

This  brings  us  back  to  what  I  deem  to  be  the  common 
cause  of  exophthalmic  goiter,  viz.,  some  toxic,  of  which  tliere 
are  at  least  several,  capable  of  exciting  excessively,  and  througli 
their  centers,  the  functions  of  the  thyroid  and  adrenals,  in  a 
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predisposed  or  neurotic  subject^  as  will  be  shown  presently  un- 
der Etiology.  The  poison  here  being  an  excess  of  nucleins^  all 
tissues  are  abnormally  supplied  with  these  phosphorus-laden 
bodies.  The  thyroid  and  adrenals,  which,  we  have  seen,  par- 
ticipate in  tissue  oxidation,  being  also  inordinately  stimulated, 
excessive  metaholism  is  induced  in  all  tissues.  Hence  the 
marked  emaciation,  the  sweating,  the  diarrhoea  (to  facilitate 
the  elimination  of  tissue-wastes),  and  the  exhausted  and  there- 
fore dilated  heart.  The  tissues  are,  as  it  were,  *Vorked  to 
death,'^  the  symptom-complex  being  such  as  to  make  of  these 
patients  what  Halsted  has  well  termed  "dreadful  cases.'* 

The  experimental  and  clinical  data  available  sustain  the 
pathogenic  relationship  between  the  thymus  and  exophthalmic 
goiter.  Thus,  we  have  seen  that  lymphocytosis  is  a  feature  of 
these  cases,  as  pointed  out  by  Kocher;  removal  of  the  thymus 
causes  a  fall  of  these  small  mononuclear  leucocytes  from  40 
per  cent,  to  25  per  cent,  then  often  to  normal.  The  fact  that, 
as  shown  by  Garr6,  it  is  the  thymus  which  so  aggravates  the 
disease  is  demonstrated  by  the  observations  of  Haberer,  that  the 
injection  of  the  juice  of  thymus  gland  caused  thyrotoxis,  and 
of  Bayer,  that  it  brought  on  the  lymphocytosis.  Bircher,  accord- 
ing to  Gebele,  has  also  produced  typical  exophthalmic  goiter 
symptoms  by  means  of  intraperitoneal  implantation  of  fresh 
hyperplasic  thymus.  On  the  whole,  it  is  permissible  to  con- 
clude that  a  persistent  and  particularly  a  hyperplasic  thymus 
may  cause  exophthalmic  goiter,  or  aggravate  this  disease,  by 
adding  to  the  tissues  at  large,  including  the  nervous  system,  an 
excess  of  ntwlein^  which,  acting  as  a  toxic,  excite  in  those  tissues 
abnormally  rapid  metabolism.  The  thyroid  and  adrenals,  them- 
selves overstimulated  directly,  are,  besides,  rendered  overactive 
owing  to  their  participation  in  the  defensive  functions  of  the 
body.  In  both  the  transition  and  asthenic  stages  the  thyroid 
and  adrenals,  when  exhausted,  undergo  atrophy, 

I  urged,  as  far  back  as  1903,  that  the  adrenals  should  be 
looked  upon 'as  participants  in  the  morbid  process  of  Graves's 
disease;  this  applies  also  to  the  thymic  form  of  this  disorder. 
Thus,  Matti^*  found  that  in  all  of  10  cases  in  which  the  patients 
had  died  during  or  soon  after  an  operation  on  the  thyroid  and 


^Matti:    Loc.  cit. 


BSopBTBAuao  oomE.  227 ' 

tii^mtiB  was  found  enlarged  pott  mortnn  the  adienala  wen 
noted  to  be  exeeptioually  o&iilL 

Etiology.— Ill  tlw  finrt  edition  of  tiiiB  work  (1903)"  I 
traced  the  primary  cause  of  exophthalmic  goiter  to  the  pitoitaiy 
body  (the  neural  lobe),  throng  Bympathetic  nerre-patliB.  The 
following  year  Salmon**  also  concJaded  that  the  pitttitarj  bod; 
VIS  tile  seat  of  primaiy  irritation,  Ihongh  his  explanation  of 
the  proeeBB  differed  fnmi  inin&  Briefly,  from  my  Twrpoinl^ 
tt«.  pitoituy  body  contains  the  eo-ordinating  centeze  <rf  the 
vH^nHd  and  adrenala,  and  when  certain  toxics  capable  of  irri- 
tktinji  this  center,  gnch  as  the  toxic  Tastes  of  pr^nancy  and 
BMSU^Mmse^  Variona  toxins,  endotoxins,  antotoxins  of  intestinal 
cxiffn,  etc,  occur  in  the  blood  daring  a  prolonged  period,  botli 
tiieee  organs  are  nndnly  excited,  and,  iheir  secretions  being  pro- ' 
daced'in  excessive  qnantities,  the  disease  is  awakened. 

That  elophtbahnic  goiter  occturs  in  p^wins  predisposed  to 
&  by  BnperaensitiTenesfl  of  the  central  nerVene  system,  as  in 
byatwical,  epil^>tic,  and  other  neorotic  snbjecte,  is  saggegted  by 
lita  fteqnoicy  witii  which  inch  diBOTdere  proceed  or  occnr  vitli 
-  ttte  disease.  Bobinson**  and  others  hare  even  gone  so  far  as  to 
oliqaider  it  as  a  form  of  hysteria,  .  Qrandmaison,**  in  a  stody 
of  3S  c&Bes,  fotmd  hysteria  in  19.  Abadie  ascribes  the  dis- 
ease to  irritation  of  whichever  center  governs  the  eympathetic 
vasodilator  branches  of  the  thyroidal  vobscIb.  Dana*'  vouch- 
safed a  similar  opinion.  Von  Grafe,  Kober,  Charcot,  and  many 
other  authorities  liave  directed  attention  to  the  sympathetic  in 
thifl  connection,  while  Virchow,  Trousseau,  von  Recklinghausen, 
and  others  have  found  lesions  (which,  from  my  viewpoint,  need 
not  necessarily  occur)  of  the  cervical  sympathetic,  whose 
branches  supply  the  thyroid.  Now,  it  is  through  the  sympa- 
thetic that  Cyon  traced  nerve-paths  from  the  pituitary  (the 
posterior  lobe  of  which  is  a  eymp&tbetic  structure,  ridi  in 
chroipaffin  substance)  to  the  thyroid,  and,  as  I  show  in  the  second 
volume  (p.  982  et  seq.),  the  pituitary  contains,  in  all  likelihood, 
the  previously  unidentified  center  of  the  sympathetic  system. 

■•  Sajoua:    "iBternal  Secretiona,"  etc..  lat  ed..  p.  EM.  1903.  u4  P.  ISCl.  IWT. 
»  Salmon :    Cllnlquc  Hoderne  (or  Clinical  H«d.).  Aug.  3,  UM. 
"  RoblDBaDT     "Etuae  aur  I«b  iyDdrome  de  OraTn-BasedOlr  consider*  comma 
Buulir«IUtlon  de  rtifBt«rie."  Pula.  1S99. 
'    **  OrandmalsaD !     UMecloe  modeme.  JuIt  T,  U>T. 
**  Duui:    New  York  Uedical  Journal.  June  14,  UOS. 
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One  of  the  most  evident  indications  of  the  influence  of 
the  waste  accumulation  on  the  genesis  of  the  disease  is  shown  in 
pregnancy.  Richardson'*  states  that  "in  southern  Italy  it  has 
long  been  the  custom  for  tlie  parent  to  measure  the  circumference 
of  the  daughter's  neck  before  and  after  marriage^  an  increase  in 
size  being  considered  as  an  evidence  of  conception/'  Time  has 
sanctioned  this  popular  custom,  various  observers  having  shown 
that  the  thyroid  becomes  temporarily  congested  andi  enlarged 
under  the  influence  of  what  Audebert'**  terms,  in  describing  a 
case  in  which  exophthalmic  goiter  developed  during  the  seventh 
month:  the  "usual  symptoms  of  hepatic  toxaemia/'  While 
exophthalmic  goiter  occurs  rarely,  the  fact  remains  that  it  is 
but  the  exaggerated  expression  of  a  physiological  process.  Thus, 
Lang,'®  in  a  series  of  133  cases  of  j)regnancy,  found  the  thyroid 
enlarged  in  108,  the  enlargement  beginning  about  the  fifth 
month.  The  tliyroid  ceased  to  increase  in  volume  when  thyroid 
gland  was  administered,  and  resumed  its  growth  when  the 
remedy  was  withdrawn. 

That  we  are  dealing  with  an  antitoxic  function  having  for 
its  purpose  the  destruction  of  wastes  of  foetal  and  maternal 
origin,  is  suggested  by  the  fact  that  the  thyroid  gland  has  long 
been  credited  with  such  a  function.  We  have  seen  that  my  view 
that  it  increased  the  opsonic  power  of  the  blood  has  been  sus- 
tained. Keid  Hunt'^'  found,  moreover,  that  when  mice  were 
fed  on  small  amounts  of  thyroid  they  showed  marked  resistance 
to  poisoning  by  acetonitrile.  The  relationship  of  the  pituitary 
body  with  the  toxaemia  of  pregnancy  is  also  shown  by  the  observa- 
tions of  Comte,'®  that  during  pregnancy  the  pituitary  body  is 
also  markedly  enlarged,  a  fact  confirmed  by  Launois  and 
Mulon.-'^  In  a  more  recent  paper  Launois^®  reaffirms  his  former 
conclusion,  stating  that  the  anterior  lobe  (which,  from  my  view- 
point, receives  the  toxics  that  awaken  the  impulses  trans- 
mitted by  the  posterior  lobe  to  the  thyroid  and  adrenals)  is, 
during  pregnancy,  "in  a  state  of  marked  hyperactivity.'' 


*«  Richardson:    "The  Thyroid  and  Parathyroid  Olanda,"  p.  20.  1905. 
"Audebert:    Annates  de  gyn.  et  d'obst6trlque,  Sept.,  1906. 
»  Lang:    Zeitsch.  f.  Oeburts.  u.  Oyn..  PA.  xl,  S.  34.  1889. 
"^  Hunt:    Jour.  Amer.  Med.  Assoc,  July  20,  1907. 
"Comte:    Thdse  de  Doctorat:  Lausanne,  1898. 

*"  Launois   and   Mulon:     Ann.    de  Oyn^col.   et   d'0bst6t..   2d   s^rle,   Tol.    1, 
p.  2.  1904. 

*>  Launois:    Tbdte  de  la  FacuU6  des  Sciences  de  Paris,  1904. 
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Another  feature  which  points  to  the  pathogenic  role  of 
intoxication  is  that,  as  stated  by  Ord  and  Mackenzie:  *^In  dis- 
tricts where  ordinary  goiter  prevails,  the  exophthabnic  form  is 
also  met  with/'  Grasset  observed  a  similar  coincidence  in 
France,  and  Carter**  in  England.  The  latter  author  states, 
moreover,  that,  while,  in  a  certain  valley  in  the  West  Biding,  the 
inhabitants  on  one  side  of  the  river,  who  drink  water  from  hills 
to  the  south,  do  not  suffer  from  goiter,  those  on  the  other  side  of 
the  river,  who  drink  water  from  hills  to  the  north,  suffer  a  good 
deal  from  this  growth.  Moreover,  it  is  from  the  latter,  or  goiter 
side,  that  cases  of  exophthalmic  goiter  are  derived.  This  clearly 
suggests  that  the  exophthalmic  form  is  but  a  development  of 
simple  goiter.  Indeed,  referring  to  3  cases  of  this  "secondary** 
type.  Dean  D,  Lewis'^  writes :  "In  all  these  cases  a  history  of 
goiter  of  some  years'  standing  could  be  elicited.  Two  of  these 
goiters  were  of  the  diflfuse,  colloid  type,  and  one  of  the  mixed 
type,  partly  parenchymatous,  partly  colloid.  So  far  as  I  was  able 
to  determine,  these  goiters  do  not  differ,  histologically,  from  the 
simple  colloid  or  parenchjinatous  goiter,  unassociated  with 
Basedow's  symptom-complex."  Goiter  being  due,  according  to 
prevailing  views,  to  a  telluric  poison,  its  exophthalmic  form 
must  likewise  be  due  to  such  a  poison. 

The  relations  between  bacterial  toxins,  endotoxins  and  auto- 
toxins  and  the  thyroid  (with  the  latter  organ  considered  as  the 
source  of  one  of  the  antitoxic  constituents  of  the  blood)  also 
afford  considerable  evidence  in  this  connection.  Roger  and 
Gamier^  examined  the  thyroids  of  33  cases  which  had  died  from 
scarlet  fever,  measles,  diphtheria,  small-pox,  typhoid  fever,  cere- 
brospinal meningitis,  and  septic  peritonitis,  and  found  in  all 
congestion  and  hypertrophy  with  increased  secretion,  and  in  two 
instances  (variola  and  diphtheria)  foci  of  parench^inatous 
haemorrhage.  Marine  and  Lenhart^*  also  state  that  syphilis, 
typhoid  fever,  influenza,  and  articular  rheumatism  are  fre- 
quently associated  with  or  followed  by  thyroid  hyperplasia.  B. 
Abrahams'^'  reported  3  cases  which  developed  in  the  course  of 
active  syphilis. 

"  Carter:    Edinburgh  Medical  Journal.  Oct.,  1899. 

•3  Lewis:     Surgery,   Gynecology,   and   Obstetrics,   Oct.,   1906. 

*>  Roger  and  Gamier:     La  pressc  m^dicale,  April  19,  1899. 

•*  Marine  and  Lenhart:    Archives  of  Internal  Medicine.  Nov.,  1909. 

*  Abrahams:     Philadelphia  Medical  Journal,  Feb.  9.  1901. 
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Closely  associated  with  this  class  of  causes  is  that  described 
by  W.  H.  Thomson,**  i,e.,  auto-intoxication  from  the  alimentary 
canal  due  to  imperfect  gastro-intestinal  digestion  of  nitrogenous 
foods.  Treatment  based  on  this  view^  in  which  meat  was 
banished  from  the  diet,  and  intestinal  antiseptics  were  used, 
gave  satisfactory  results.  While  this  view  has  been  criticised,  it 
is  evident  that,  from  my  viewpoint,  such  poisons  can,  as  well  as 
any  of  the  others  referred  to  above,  bring  about  the  disease  in 
predisposed  subjects,  by  exciting  the  thyro-adrenal  center,  and 
thus  cause  an  excessive  production  of  thyroiodase  and  adrenoxi- 
dase.  In  a  case  reported  by  Aiken,*^  the  disease  began  under 
ether  anaesthesia  and  persisted  six  years. 

Excessive  and  prolonged  exertion  has  also  been  known  to 
produce  the  disease.  Overwork  is. a  generally  recognized  factor. 
Dauscher**  reported  a  case  which  came  on  after  climbing  rapidly 
a  steep  mountain.  Harland  observed  2  instances  which  had 
appeared  suddenly  in  soldiers  who  had  been  in  action  in  the 
Boer  War.  Potain'*  called  attention  to  the  fact  that  violent 
anger,  which  has  formed  the  starting  point  of  exophthalmic 
goiter,  awakens  symptoms  quite  similar  to  this  disease,  procidence 
of  the  eye-balls,  trembling,  violent  palpitations,  sweating,  diar- 
rhoea, psychical  disturbances,  etc.  In  all  such  cases  wastes 
accumulate  in  the  organism  more  rapidly  than  they  can  be 
hydrolyzed  into  eliminable  products,  and  the  disease  is  brought 
about  precisely  as  in  all  the  forms  of  toxaemia  previously 
reviewed. 

Fright  and  other  violent  emotions,  which  are  relatively 
frequent  causes  of  the  disease,  bring  it  on  through  a  different, 
though  kindred,  process.  Darwin  and  Sir  Charles  Bell,  accord- 
ing to  Carter,*®  describe  a  person  in  intense  terror  in  the  fol- 
lowing words:  ^The  heart  beats  quickly  and  violently,  so  that 
it  palpitates  or  knocks  against  the  ribs;  there  is  trembling  of  all 
the  muscles  of  the  body;  the  eyes  start  forward,  and  the 
uncovered  and  protruding  eye-balls  are  fixed  on  the  object  of 
terror;  the  skin  breaks  out  into  a  cold  and  clammy  sweat,  and 
the  face  and  neck  are  flushed  or  pallid;  the  intestines  are  af- 

M  Thomson:    Medical  Record.  Jan.  13,  1900. 

"^  Aiken:    Trana.  Amer.  Ophthal.  Soc.,  1897. 

**  Dauacher:    Wiener  med.  Prease,  Feb.  17,  1899. 

**  Potalii:    RcfTue  Intern,  de  mM.  et  de  chlr.,  Oct  10,  1895. 

*  Carter:    Bdinlmrgli  Medical  Journal,  Oct,  1899. 
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who  had  been  Hirovn  from  &eir  LarseE  and  bad  struck  tbe 
paTement  on  their  beads.  There  wbb  in  botb  eenbril  concus- 
sion, f olloired  two  mondis  later  in  Ibe  one,  and  one  moonb  laxer 
in  tbe  other,  bj  exopbtbalmic  gorier.  Tbex  report  a  similar 
thongfa  less  severe  case  in  a  soldier  wbo  bad  fallen  from  a  roof, 
striking  bis  bead.  Drrenfurtb^  obserred  3  ca^es  dne  to 
accidents.  Tbe  morbid  effects  of  emotions,  traximatie  shock,  etc,, 
are  attributable  to  a  molecular  disturbance  of  tbe  sympathetic 
center, — which  governs  the  caliber  of  the  arterioles, — Cf.,  the 
thvro-adrenal  center. 

We  have  seen  that  poisons,  by  exciting  the  sympathetic 
thyro-adrenal  center,  so  exaggerate  the  functional  activity  of  the 
thyroid  and  adrenals  that  the  characteristic  action  of  an  excess 
of  thyroid  secTetion  on  phosphorus  oxidation  manifests  itst^lf, 
viz.,  general  vasodilation.  With  fright  or  any  violent  emotion 
capable  of  paralyzing  the  functions  of  the  same  center,  we  have 
general  relaxation  of  all  arterioles  which  the  sympathetic  ivnter 
governs,  the  acute  symptoms  of  fear  being  the  expression  of  a 
temporary  exacerbation  of  this  vasodilation,  itichulttuj  ihos(*  of 
the  thyroid  and  adrenals,  and,  therefore,  an  abnormal  influx  of 
arterial  blood  in  these  organs.  This  means  for  them,  as  shown 
by  Claude  Bernard  in  the  salivary  gland,  a  corresponding  inereaso 
of  functional  activity.  In  the  majority  of  such  eases  the  remilt- 
ing  disturbances,  though  sometimes  severe,  are  either  reenvereil 
from  as  soon  as  the  central  molecular  e<iuilil)rium  is  restored  or, 

^Delorme  and  Leniez:    Le  buUptin  mMtral.  Jul/  20,  1910. 
^Dyrenfurth:    Deutsche  med.  Woch.,  Nov.  21.  1912. 
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if  thifl  restoration  does  not  occur,  it  may  maxufert  itself  by  other 
disorders.  If,  however,  heredity  happens  to  predispose  the  yictim 
of  fright,  shock,  etc.,  to  exophthahnic  goiter,  this  disease  is  the 
one  which  develops ;  the  circulation  receiving  an  excess  of  thyroid 
secretion,  the  oxidation  of  cellular  pho^oms  becomes  excessive, 
and  the  general  vasodilation,  the  deus  ex  machina  of  the  morbid 
process,  is  perpetuated. 

The  prevailing  view  that  heredity  influences  greatly  the 
development  of  the  disease  is  based  on  a  sound  foundation. 
Among  the  examples  may  be  cited  the  family  referred  to  by 
Oesterreicher,*'  in  which  an  hysterical  woman's  10  children 
included  8  cases  of  exophthalmic  goiter.  One  of  these  had  4 
grandchildren,  3  of  wliich  suffered  from  the  disease,  while  the 
fourth  was  hysterical.  Hare**  reported  a  case  in  a  girl,  whose 
great-grandmother  and  grandmother  suffered  from  exophthalmic 
goiter,  and  whose  great-aunt,  aunt,  and  mother  suffered  from 
goiter,  which  increased  with  each  pregnancy  in  the  mother's 
case.  Grober**  reported  4  cases  of  exophthalmic  goiter  in  the 
same  family,  a  brother,  t\i'o  sisters,  and  a  niece.  R.  6.  Curtin** 
collected  40  cases  of  the  disease  in  15  families. 

Treatment. — T'he  great  value  of  thyroid  preparations  in 
hypothyroidia  suggests  that  they  should  prove  harmful  in  the 
opposite  condition,  hypertliyroidia,  and  particularly  in  its  most 
marked  type,  exophthalmic  goiter.  Indeed,  many  cases  on 
record  suggest  that  such  is  the  case.  But,  in  the  light  of  the 
views  submitted  in  the  foregoing  pages,  the  reason  for  these 
untoward  effet  ts  is  plain :  they  were  due  to  tlie  empirical  use  of 
these  powerful  agents  and  regardless  of  the  stage  of  the  disease 
and  of  dosage. 

I  have  urged  that  exophthalmic  goiter  was  divisible  into 
three  stages:  the  erefhic,  that  during  wliich  there  is  excessive 
sensitization  of  the  phosphorus  of  all  tissues  to  oxidation  and 
abnormally  rapid  cellular  metabolism;  the  trafisitional,  during 
which  the  overactive  thyroid  has  undergone  sufficient  fibrosis  to 
produce  only  such  secretion  as  is  needed  by  the  body  to  carry 
on  its  functions,  and  the  myxccdematous,  during  which  advanc- 

**  Oesterreicher:     Cited   by   Chamberlain:     "Maladie   de   Basedow."    p.    13, 
Parte,  1894. 

«^  Hare:    Intern.  Medical  Magazine,  April.  1898. 
«<^Orober:    Medlziniache  Klinik.  Aug.  16,  1908. 
^Curtin:    Trans.  Amer.  Climatol.  Assoc..  Sept.,  1888* 
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ing  sclerosis  of  the  gland  is  increasingly  inhibiting  its  functions 
until  these  cease  and  death  occurs.  It  is  apparent  that  during 
the  erethic  stage  the  use  of  thyroid  could  but  add  fuel  to  the 
fire;  that  in  the  transitional  it  might  prove  useful  to  arrest  the 
excessive  activity  of  the  thyroid,  which  is  inducing  sclerosis,  by 
relieving  it  of  part  of  its  work,  and  finally  that  in  the  myxoedema- 
tous  it  should  prove  invaluable,  as  it  does  in  myxoedema,  as  a 
life-saving  measure.  An  even  finer  subdivision  is  necessary, 
however,  one  in  which  the  primary  cause  of  the  disorder  is  taken 
into  account,  if  satisfactory  results  are  to  be  obtained.  During 
the  erethic  stage,  as  a  general  rule,  thyroid  and  iodine  prep- 
arations are  productive  of  serious  harm.  Thus,  Lupine*'  re- 
ported a  case  in  which  the  use  of  iodine  in  the  course  of  a 
gynecological  operation  brought  on  symptoms  of  exophthalmic 
goiter,  even  though  the  patient  had  previously  shown  no  evi- 
dences of  this  disorder.  Kempner*®  noted,  moreover,  that  the 
use  of  the  iodides  for  arteriosclerosis  and  other  disorders  some- 
times provoked  symptoms  of  the  disease.  They  enhance  inor- 
dinately the  oxidation  of  cellular  phosphorus  in  all  tissues  and 
increase,  thereby,  the  general  vaso-dilation,  which,  as  I  have 
shown,  underlies  all  the  major  phenomena  of  the  disease.  In 
certain  mUd  cases  that  are  clearly  due  to  a  toxaemia  of  ovarian, 
uterine,  or  intestinal  origin,  thyroid  is  valuable  (I  have  seen  it 
cause  complete  retrogression  of  the  goiter)  in  small  doses,  i.e., 
1  grain  (O.OGG  Gm.)  of  the  desiccated  gland  during  each  meal, 
with  abstention  from  meats  to  decrease  the  formation  of  toxic 
wastes ;  but  where  the  svinptom-complex  of  the  disease  is  present 
in  its  entirety,  the  aim  should  .be  to  promote  constriction  of  the 
arteries,  and  particularly  of  the  arterioles  which  control  the 
volume  of  arterial  blood  admitted  into  the  organs,  including  the 
thyroid  itself,  the  post-orbital  vessels,  and  the  cardiac  muscle. 
It  is  because  of  this  action,  in  my  opinion,  that  Huchard  ob- 
tained good  results  from  quinine  in  large  doses  and  ergot  recom- 
mended by  Huchard,  Paulesco,  and  others.  The  most  efficient 
method  of  using  these  vasoconstrictors  is  to  prescribe  a  gelatin- 
coated  pill  containing  the  neutral  hydrobromide  of  quinine  5 
grains  and  ergotin  1  grain,  as  suggested  by  Forchheimer,  one 

*^  Lr^plne:    Revue  de  mMeclne,  Aug.,  1912. 

^Kempner:    Centralbl.  f.  d.  Orenzgcs.  d.  Med.  u.  Chir.,  July,  1914. 
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pill  being  taken  after  each  meal.  If  the  patient  stands  it  wdl, 
another  pill  may  be  added  at  bedtime.  At  times  a  pati^it  is 
met  who  cannot  take  more  than  two  pills  a  day.  He  should  be 
told  to  expect  little  or  no  benefit  short  of  a  months  and  that  the 
treatment  must  be  continued  for  a  long  time.  Usually,  after  a 
week  or  two  the  pulse  rate  becomes  slowed,  the  thyroid  reduced 
in  size,  and  the  sweating  or  tremor  lessened.  The  treatment 
should  be  continued  until  all  the  symptoms  have  disappeared, 
which  may  be  in  four  months  or  not  for  three  years.  The  only 
unpleasant  action  of  the  drug,  as  a  rule,  is  occasional  tinnitus, 
especially  if  large  doses  be  given.  To  prevent  unpleasant  eflfects, 
if  such  occur,  and  reduce  the  erethism  of  the  cerebral  centers 
(those  of  the  pituitary  in  particular)  I  also  give  20  grains 
(1.32  Gm.)  of  sodium  bromide  on  retiring,  adding  10  grains 
(0.66  Gm.)  of  chloral  hydrate  if  the  bromides  do  not  counter- 
act the  insomnia.  Belapses  are  not  rare,  but  if  taken  in  hand 
promptly  they  soon  yield  to  the  same  measures. 

In  some  highly  nervous  women,  especially  those  who  suffer 
from  pseudo-hysteria,  any  preparation  of  quinine  seems  to  in- 
crease discomfort.  In  these,  the  bromides  at  night,  with  chloral 
if  necessary  to  counteract  insomnia,  should  be  supplemented  by 
the  use  of  phenacetin  in  the  daytime,  5  grains  (0.33  Gm.), 
gradually  increasing  the  dose  until  10  grains  (0.66  Gm.)  are 
taken  three  times  dailv.  As  stated  above,  the  bromide  reduces 
the  patliogenic  hypersensitiveness  of  the  cerebral  centers;  the 
phenacetin  maintains  this  action  by  causing  constriction  of  the 
arterioles  which  supply  them  with  blood — a  common  action  of 
the  coal-tar  products  (of  which  phenacetin  is  the  safest),  as 
stated  in  the  second  volume.**" 

The  favorable  efTects  obtained  by  Renon  and  Delille*®  with 
pituitary  gland  are  explaina])le  in  much  the  same  manner.  In 
doses  of  4Vi>  grains  (0.3  Gm.)  of  the  whole  gland  (ox),  which 
they  subsequently  deemed  advisable  to  increase  to  7^,4  grains 
(0.5  Gm.)  in  divided  doses  daily,  they  obtained  marked  improve- 
ment. Hallion  and  Carrion*'^  then  found  experimentally  that 
pituitary  extracts  "always  produced  their  effects  by  raising  the 
arterial  tension,"  producing  at  the  same  time  "an  intense  vaso- 

«  See  vol.  il.  p.  1283  to  1293. 

M  R^Don  and  DeliUe:    Bull.  g^n.  de  th^rap..  May  8,  1907. 

>^  Hallion  and  Carrion:    Soc.  de  Th6rap.,  March  13,  1907. 
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coBBtrictor  action  upon  the  thyroid  body/'  Briefly,  we  have 
here  precisely  the  physiological  action  necessary — the  vaso-con- 
strictor  power  of  the  adrenal  component  of  the  pituitary  gland 
superseding  the  vasodilator  action  of  the  thyroid. 

The  morbid  eflfects  of  the  excessive  oxidation  of  the  phos- 
phorus to  which  the  cellular  elements  are  subjected  require 
attention.  The  resulting  exhaustion  of  the  phosphorus  in  the 
muscular  layer  of  the  arteries  aids  powerfully  the  action  of  the 
depressor  nerve  in  keeping  the  general  vasodilation,  including 
that  of  the  thyroidal  vessels,  thus  keeping  up  the  disease.  This 
phosphorus  must,  therefore,  be  replaced.  Hence  the  value  of 
sodium  phosphate  recorded  by  Kocher,  Trachewski,  Vetlesen  (40 
cases),  and  others  of  the  glycero-phosphate  of  sodium  in  20-grain 
doses  three  times  daily,  noted  by  M.  Allen  Starr,  and  of  lecithin 
in  alcoholic  solution  praised  by  Berkley  of  Johns  Hopkins. 

In.  not  a  small  proportion  of  cases,  the  disease  may  be 
traced  to  streptococcic  infection  through  the  tonsils,  even  though 
this  may  not  be  sufficiently  marked  to  cause  acute  rheumatism. 
These  organs  should  be  carefully  examined  in  every  case,  and 
all  crypts  be  carefully  cauterized.  If  hypertrophy  be  present 
tonsillectomy  should  be  performed.  In  some  instances  a  clear 
history  of  acute  rheumatism  is  obtainable,  the  salicylates,  pref- 
erably the  sodium  salt,  is  very  useful  and  soon  counteracts  the 
hyperthyroidia  when  given  in  10-grain  (0.G6  Gm.)  doses  three 
times  a  day.  PyorrhoDa  alveolaris  may  also  act  as  cause.  Evans, 
Middleton  and  Allen  J.  Smith^^*  having  found,  in  typically  dis- 
eased tonsils,  the  crypts  to  harbor  Endamwha  gingivalis,  gave 
emetin  hydrochloride  subcutaneously  or  intramuscularly,  in  %- 
to  1-grain  doses,  with  improvement  in  some  cases. 

Enteroclysis  given  at  108''  F.  is  useful  when,  after  clear- 
ing out  the  intestines  by  means  of  an  enema,  the  solution, 
using  a  quarij  at  a  time,  is  retained  sufficiently  long  to  insure 
considerable  absorption.  If  this  is  not  the  case,  hypodermoclysis 
every  other  day,  regulating  the  quantity  according  to  the  case,  is 
indicated.  By  increasing  markedly  the  osmotic  properties  and 
the  viscidity  of  the  blood,  its  toxicity  and  its  exciting  action  on 
the  thyro-adrenal  center  are  greatly  reduced,  and  the  elimination 
of  the  pathogenic  poisons  is  greatly  enhanced. 

■^  Branft,  Middleton  and  Smith:    Am.  Jour.  Med.  Sc,  Feb.,  191S. 
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Thymus  gland^  which,  as  I  have  pointed  out,  owes  its  action 
to  the  phosphonis-laden  nudeins  it  supplies  to  the  nuclei  of  the 
tissue-cell?,  was  found  accidentally  by  Owen  to  be  yaluable  in 
exophthalmic  goiter.  Obviously  it  is  only  of  value  where  the 
thvnius  is  not  enlarged.  It  may  either  be  given  in  the  form 
of  sweetbread  as  focxl,  l^  to  3  ounces  (15  to  90  Gm.)  daily, 
or  in  tablet  fonn,  from  one  to  three  5-grain  (0.3  Gm.)  tablets 
IxMiig  given  thn^e  times  daily  during  meals.  It  is  also  obtainable 
in  the  form  of  powder,  which,  given  in  capsules  in  the  same 
doses,  obviates  the  unpleasant  taste.  By  supplying  the  nerve- 
cells  their  normal  nucleins,  their  degeneration  and  particularly 
that  of  their  ganglia,  to  which  Charcot  called  attention,  is 
materially  counteracted.  S.  Solis-Cohen'*  highly  recommends 
tliMuus  gland,  but  supplemented  by  intramuscular  injections  of 
pituitrin,  beginning  with  5  minims  (0.3  Gm.)  three  times  daily, 
then  gradually  increasing  the  dose  until  20  to  30  minims  (1  to 
2  c.c.)  were  administered  at  a  dose. 

Tlie  causative  condition  must  be  carefully  sought  and,  if 
possible,  removed.  In  cases  due  to  pregnancy,  menopause,  and 
inadc(|uate  ovarian  development,  the  disorder  is  mainly  due  to 
inability  of  the  tliyroparatli\roid  apparatus  to  neutralize  the 
increasing  tide  of  wastes  the  blood  contains.  The  organ  is 
abnormally  stimulated,  in  the  sense  that  its  arterioles  are  widely 
o])(Mied  to  allow  a  va.<tly  greater  volume  of  arterial  blood  than 
usual  to  enter  it,  and  it  becomes  enlarged.  Here,  thyroid 
pre jmrat Ions,  starting  with  1  grain  (0.006  Gm.)  t,  t.  d.  of  the 
dried  gland,  are  of  great  value  by  compensating  for  the  organ's 
deficiency.  If  the  toxaemia  is  of  intestinjxl  origin,  meats  should 
be  banislied  and  free  saline  purgation — in  addition  to  the 
measures  advocated  in  the  preceding  two  paragraphs — ^resorted 
to.  Highly  nervous  or  i>seudo-hysteric  cases  arc  also  helped 
by  tlie  bromide,  plienacetin,  and  saline  solution  treatment,  but 
rest  in  these  cases  and  in  those  due  to  traumatic  shock  is  of 
great  importance.  In  fact,  it  must  be  borne  in  mind  that 
exertion  increases  toxic  waste  formation,  and,  therefore,  the  asset 
of  pathogenic  poisons,  and  that  rest  is  always  indicated.  In 
most  cases,  in  fact,  absolute  rest  in  bed  is  a  sine  qua  non  of 
success.    A  high  altitude — about  2000  feet — is  helpful. 

B^s.  Solis-Cohen:    Am.  Jour,  of  the  Med.  Sc..  July.  1912. 


EXOPHTHALMIC  GOITBR.  287 

Various  sera  obtained  from  animals  deprived  of  their 
thyroid:  Ballet  and  Enriquez's  dog  serum,  Mobius's  sheep 
serum,  or  "antithyroidin,"  Rogers  and  Beebe's  serum,  obtained 
from  rabbits  or  sheep  inoculated  with  extracts  of  exophthalmic 
goiter,  are  all  of  value  in  that  they  are  all  antitoxic  substances 
which  aid   tha  blood  in  neutralizing  the  pathogenic  poisons. 

Thyrodectin,  thq  desiccated  blood  of  thyroidectomized 
animals,  has  also  given  satisfaction  in  some  cases,  in  5-  to  10- 
grain  (0.33  to  0.66  Gm.)  doses  iu  capsules  three  times  daily. 

During  the  transitional  stage  the  treatment  depends  entirely 
upon  the  progress  made  by  the  atrophic  process.  As  a  rule,  how- 
ever, signs  of  myxoedema  are  already  present;  in  that  case 
thyroid  preparations  are  indicated,  as  they^re  during  the  myxce- 
demaious  stage.  The  latter  is  virtually  a  case  of  myxoedema  and 
requires  the  measures  recommended  for  that  disease  (g.  i;.).  In 
both  these  stages,  however,  there  is  a  marked  tendency  to  cardiac 
failure,  and  digitalis  or  strophanthus  are  precious  adjuvants. 

The  injection  of  boiling  water  into  the  goiter,  first  sug- 
gested by  M.  F.  Porter"^  has  given  good  results.  The  local  dis- 
comfort is  slight,  and  a  fleeting  headache  is  sometimes  com- 
plained of.  None  of  the  20  cases  reported  by  Porter  suflfered 
any  other  untoward  phenomena,  a  fact  whicli  indicates  that  the 
procedure  is  a  safe  one  provided  due  care  is  taken  to  avoid  the 
large  superficial  veins  and  to  inject  the  water  inside  the  cap- 
sule. The  skin,  after  being  cleansed,  is  anesthetized  with 
Schleich's  solution  ^^y  producing  a  small  wheal  at  the  points 
where  the  needle  is  to  be  inserted."  A  large,  all-glass,  graduated 
syringe,  armed  with  a  long  and  rather  fine  needle,  is  employed. 
It  is  boiled  in  the  water  used  for  the  injection,  over  an  alcohol 
lamp  or  a  Bunsen  burner.  When  more  than  one  injection  is 
given  at  one  sitting  the  syringe  proper  being  handled  with  long 
forceps,  is  reboiled  each  time,  the  object  being  to  have  the 
water  penetrate  the  gland  when  as  near  the  boiling  point  as  pos- 
sible. "With  a  long  needle  different  areas  may  be  injected 
through  the  same  skin  puncture  by  partly  withdrawing  the 
needle.  In  this  way  both  right  and  left  lobes  and  the  isthmus 
may  be  injected  through  one  skin  puncture  made  in  the  center 
of  the  neck."    The  quantity  injected  by  Porter  varied  from  40 

■•  Porter:    Jour,  of  the  Am.  Med.  Association.  July  12.  1913. 
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01  ^0  tniTimw  ( t.A  xt^  Ll.^l  rrm. ) ,  die  [«rzR9t  ftumiUUf  iDJeded 
LXL  :2m  '^OTM^  of  'me  nrRmnnfat  being  <S^)  imnif  (44  Gnu). 
Toe  jnmerijicft  -^sE^nx  uf  lesicrTictiiia  of  dmoid  tioRie  sad  colloid, 
a.  ui»m^*r:ir7  jir.nasie  oi  die  sze  ami  deiuttj  of  tbe  pmhk  being 
f/jiVi«'»rt  ly  '*xiiiz::wxjnn  coii  i<xbiH(if3iee  of  the  fpsueal  ijrmpCaiiiSw 
ff1;«i;''^  i4ift  i^^j  ?^pcirVfi  ^trli^i&^Tj  nanlB.    Qoisizie  and  mea 

X«-r%7  v^9itaum*  maj  2f..w^  he  isevi  vicfaoot  rak  of  bsming 
^v-Zj^.  "ijh  ::n^rr<.v:i:j\>n  ''.f  the  Sihovzmid  poiitiQe  method  of 
Ku***:r.r.z  -i.i^  raj.  Ffai.i»!r  rwjCteti  marked  iffipnuneaient  in 
?.'/  per  r*^*:.  of  L:a  ra.**ir-.  The  X-nj  »  of  especial  Talne  when 
Ujh  tr.'m-^*  ;j»  enlar?^!.  a.  rj</in:  arfikh  iOAabi  be  cmiefoIlT  de- 
v-ntiAJhtl  ir.  <tv^rT  ^a.-e.  Tr-fi-  raj  *h#)cii  not,  bowerer,  be  em- 
\rj$%*A  m  yoansf  chil'iren.  r.;.e  tfajmi*  hetng  necesnrr  to  their 

Ttjh  fffmrnZi*:%l  Ti.*e  of  X-rav  and  the  static  canrent  hmTe 
Ije^fj  focnd  -riWrnor  to  the  X-rav  alone  br  W.  Benham  Snow.*** 

Wh^n  ti'ie  U}T^}[niL  r*:>4^arr.-e»  fai:,  which  i«  seldom  the  case, 
iFur^'-al  mf-aAcr**  mav  ri*r  *rmj>IoyeiL  At  the  present  time  the 
lerj'Ien^  V  i*  to  r«=rort  t*^^^  fr^Iv  and  unwarrantaWv  to  surgery. 

Sr-RTiiCAL  IhfjiTUhST. — IndinitujTij^J* — In  hvperthrroidia, 
wbet.her  or  not  thfr  •yndn/nie  of  <>.\ophchaImic  goiter  be  actuallr 
present,  murh  care  i-  rH*|uireil  in  the  selection  of  cases  for 
operation,  many  \9^\ii^  \rtf«)T  -iurzical  ri"sk.s  owing  to  bad  general 
condition,  acute  symptom.-,  or  •sitm*  of  <I»;g*-neration  of  impor- 
uni  organ*,  in  particular  the  heart.  Where  acute  symptoms  are 
prvisent  thyroidectomy  frhoul^l  Ik,'  po?tpone<^l  until  they  have 
vii^ppeared.  Irregularity  and  varying  tension  of  the  pulse, 
diarrhea.  e<lema  of  the  hands  and  feel,  sleeplessness,  and 
pjirv^xy>lns  of  gastric  pain  are  c^mditions  tliat  render  postpone- 
aieac  of  radic-al  operation  for  a  perioil  advisalde. 

Where  partial  tliyroi'lectoiny  is  not  fea.sible  for  the  time 
l>eui^.  ^.y..  in  acute  exoplithalmic  goiter  uninfluencetl  by  medical 
it^MtttiieQt  or  injections  of  boiling  water,  ligation  of  both 
superior  thyroid  arteries  may  be  j)erformed  with  advantage, 
>vunv»iime*  at  one  operation,  but  more  upually  in  two  sittings,  at 

'^'^  •>tt^v      N^w  York  Med.  Journal,  April  3.  1915. 

*•*  "iiiovk      Jv«tr.  of  Blectrother.  and  KHdiolofcy.  Jan..  1916. 

•  ihiiL  tuthli'vt4WA  of  tbe  subject  wan  written  by  the  author's  son.  Dr.  Louis 
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a  week's  ioterral.  Aiterul  ligation  is  comidered  of  puticaUr 
ntility  in  casos  witJi  proiuninoed  thTToid  poluficm  and  a  tiirill 
in  ti>e  raperior  thjroid  Brteries.  Well-«d7anced  cams  can  thiu 
be  made  fair  or  good  enrgical  risks.  8<aae  adrise  injectioiu  of 
boSing  water  as  a  messiire  seeondaij  to  arterial  ligation,  *.«., 
irbne  tlie  latter  fails. 

If  the  reaction  attending  the  first  arterial  ligation — iunallf' 
at  left  npper  pole — ^is  not  marked,  partial  thyroidectomy,  con- 
sisting in  removal  of  the  opposite  lobe,  the  isthmoa,  sud  pos- 
ubly  a  portion  of  the  same  lobe,  may  be  perfonned  a  week  later ; 
if  eridences  of  shock  be  pronounced,  <hi  the'  other  hand,  an 
interral  of  several  montiia  (fonr  months— Mayo),  dnring 
wiaeh  time  will  have  been  given  for  improvement  in  the  petient^s 
general  condition,  ahonld  be  allowed  to  elapse  before  partial 
&yroidectomy  is  resorted  to. 

In  a  small  proportion  of  cases  a  relafwe  occnra  some  yeata 
after  partial  thyroidectomy,  the  residual  glandnlar  tissue  nnder- 
going  hypertrophy  and  symptoms  returning.  If  medical'  treat- 
ment be  not,  nnder  these  circomstances,  soon  beneficial,  the  ves- 
sels at  the  npper  pole  of  the  remaining  lobe  ahonld  be  ligated> 
nnlesB  this  has  previonsly  been  done,  in  which  case  ligation  of 
,  the  inferior  ^yroid  artery  is  to  be  advocated.  If  arterial  liga- 
tion fails  to  prove  sufficiently  effective,  a  portion  of  the  lobe 
may  be  removed.  Tiie  rit^k  of  provoking  myxcedematous  symp- 
toms if  too  much  tissue  is  removed  should  always  be  borne  in 
mind. 

In  some  already  seriously  affected  patients,  preparatory 
treatment  by  absolute  rest,  heart  tonics,  diuretics,  and  the 
X-rays  is  re<iuired  even  before  arterial  ligation  is  permissible. 
The  X-rays  have  been  serviceable  in  helping  exophthalmic  cases 
through  acute  attacks,  previous  to  operation. 

The  superior  thyroid  arteries  are  generally  ligated  in  pref- 
erence to  the  inferior  because  they  are  more  accessible  and  leBs 
closely  related  to  important  nerves  and  vessels.  Ligation  of  the 
inferior  thyroid,  a  more  difficult  and  serious  procedure,  is  only 
infrequently  perfonned.  Ligation  of  all  four  arteries  in  a  single 
case  is  warned  against  by  Kocher,  in  view  of  the  danger  of 
cachexia  strumtpriva  where  there  is  such  a  complete  interruption 
in  the  blood-supply  to  the  gland. 
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Early  cases  of  exophthalmic  goiter,  according  to  Kayo's 
experience,  sometimes  show  marked  improvement  under  ligation 
of  both  superior  thyroid  arteries.  A  complete  cure  may  even 
follow,  rendering  subsequent  partial  thyroidectomy  unnecessary. 
In  the  more  severe  cases,  general  health  is  frequently  so  im- 
proved by  ligation  that  later  removal  of  the  larger  thyroid  lobe 
can  be  cflfected  with  but  little  risk.  The  possibility  that  too 
much  glandular  tissue  for  purposes  of  subsequent  suflScient  thy- 
roid functioning  may  tlius  be  removed  is  not  denied  by  Kocher, 
but  resulting  symptoms  of  hypothyroidism  are  seldom  met 
with. 

According  to  Mayo,  the  proportion  of  exophtlialmic  goiter 
cases  coming  under  the  surgeon's  observation  in  which  removal 
of  the  larger  thyroid  lobe  and  isthmus  can  be  undertaken  with- 
out undue  risk  is  about  two-thirds.  The  sphygmomanometer, 
electrocardiography,  X-ray  examination  of  the  heart,  and  the 
blood-count  are  all  factors  of  value  in  the  selection  of  an  opera- 
tion suitable  for  a  case  in  hand. 

Simultaneous  excision  of  one  lobe  and  ligation  of  one  or 
both  arteries  on  the  other  side  have  been  advised  by  some 
surgeons,  notably  Landstromine  and  Klemm.  Though  good 
results  have  been  reported,  the  risk  of  inducing  h}T)othyroidism 
would  seem  to  be  greater  in  this  connection  than  with  procedures 
ordinarilv  followed. 

in  unilateral  goiter  with  hyj)erthyroidism,  three-fifths  of 
the  enlargement  may  be  readily  removed,  after  due  preparation 
of  the  })atient  by  measures  calculated  to  improve  the  general 
condition  (Rainbridge). 

Where  goiter  with  hyperthyroidism  recurs  after  an  initial 
partial  thyroidectomy,  the  production  of  atrophy  of  the  remain- 
ing thyroid  lobe  through  ligation  of  one  or  both  of  its  arteries 
may  be  attempted.  Thyroidectomy  for  recurrent  goiter  is  gen- 
erally more  dit!icult  than  au  initial  similar  operation  owing  to 
the  presence  of  adhesions  or  scar-tissue. 

At  times  in  pregnancy  hyperthyroidism  develops,  rapidly  or 
gradually,  with  a  severity  sufficient  to  re([uire  prompt  surgical 
inten-ention.  Generally  some  degree  of  hyperthyroidia  has 
existed  before  conception  in  these  cases,  and  the  increase  in  the 
severity  of  the  8}Tnptoms  is  noted  early  in  pregnancy.    Matlack 
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Operated  three  times  in  such  cases,  with  good  results,  the  pa- 
tient's going  on  safely  to  term. 

Bemoval  of  the  thymus  gland  has  been  advised  by  some  in 
exophthalmic  goiter,  in  view  of  the  recently  ascertained  causal 
relationship  of  the  former  organ  to  the  disease.  A  persistent 
thymus  has  been  found  in  about  90  per  cent,  of  all  operations 
for  exophthalmic  goiter  in  which  the  condition  of  the  organ  has 
been  investigated  (Bainbridge).  Good  results  have  already  been 
recorded  by  many  from  thymectomy  in  exophthalmic  goiter 
cases  in  which  a  persistent  th}Tnus  is  found. 

Haberer^s  experience  has  been  that  a  combined  partial 
operation  on  both  the  thyroid  and  the  thymus  in  these  cases 
yields  better  results  than  partial  removal  of  either  organ  alone. 
A  promising  procedure  also  is  the  use  of  the  X-rays  to  reduce 
the  thymus  before  an  operation  on  the  thyroid  is  undertaken. 

Operative  Risks  and  Results, — Even  sipaple  and  apparently 
innocuous  procedures  have  been  followed,  in  hyperthyroid  cases, 
by  serious  symptoms  and  even  death.  The  chief  danger  is  col- 
lapse preceded  by  extreme  tachycardia  and  nervous  excitement. 
The  symptoms  witnessed  have  been  ascribed  to  intoxication  with 
thyroid  material  or  to  violent  excitation  of  the  local  vasomotor 
and  trophic  nerves.  Death  within  a  few  hours  or  days  may 
follow.  Matlack,  in  a  series  of  202  operated  cases  of  exophthal- 
mic goiter,  had  4  deaths  from  postoperative  hyperthyroidism. 
Other  attendant  dangers  are  tetany,  due  to  removal  or  crushing 
of  parathyroid  tissue,  myxoederaa,  due  to  excessive  removal  of 
thyroid  tissue,  and  injury  to  the  recurrent  laryngeal  nerves. 
The  author  of  the  present  work  considers  the  belief  that  death 
is  due  to  thyrotoxis  in  these  cases  a  grave  error  and  the  cause 
of  several  deaths.  He  attributes  these  results  to  shock  and  the 
temporary  arrest  of  function  of  the  various  glands  which  co- 
operate with  the  thyroid,  and  has  saved  life  by  the  immediate 
use  of  hypodermoelysis  and  adrenalin,  20  drops  of  the  latter 
(1: 1000  solution)  being  injected  drop  by  drop  into  the  rubber 
tube  conveying  the  saline  solution  to  the  tissues. 

With  careful  selection  of  cases,  however,  as  well  as  pains- 
taking technique,  the  operative  mortality  in  exophthalmic  goiter 
should  be  low.  Mayo  in  1912  was  able  to  report  a  consecutive 
series  of  278  operated  cases  of  exophthalmic  goiter  without  a 
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death.  On  the  whole^  the  mortality  in  this  condition  has  in 
recent  years  undergone  a  marked  reduction,  not  only  thiongli 
earlier  operation  and  technical  improvements,  but  because  of 
more  careful  preparation  of  patients,  safer  anesthesia,  and 
adaptation  of  the  type  of  operation  to  conditions  in  the  indiyid- 
ual  case.  The  general  mortality  from  operation  at  present  is 
from  1  to  4  per  cent.  In  advanced  cases  with  marked  tachy* 
cardia,  irregularity  of  the  pulee,  pronounced  emaciation,  and 
loss  of  strength,  death  occasionally  takes  place  in  a  few  days 
after  partial  thyroidectomy,  even  though  the  operation  has  been 
done  under  local  anesthesia,  and  in  the  absence  of  infection  of 
the  wound.  The  author  of  this  work  advocates  organotherapy, 
i.e.,  adrenalin  or  pituitrin  injections  with  hypodermoclysis 
as  a  protective  measure.  Such  risks  may  also,  as  already  sug- 
gested, be  avoided  by  a  preliminarj'  arterial  ligation.  The  thy- 
roidectomy may  be  effected  later  if,  in  spite  of  general  symp- 
tomatic improvement,  evidences  of  compression  of  the  trachea 
persist.  Arterial  ligation  is,  moreover,  so  much  safer  than 
thyroidectomy  that  through  its  performance  the  surgeon  is 
enabled  to  accept  as  surgical  risks  cases  so  advanced  that  there 
is  but  little  hope  of  cure. 

As  regards  the  results  of  operation,  the  recent  experience 
of  surgeons  has  been  that  either  cure  or  improvement  follows 
operation  in  a  large  majority  of  eases  of  exophthalmic  goiter. 
Kocher,  in  a  series  of  320  eases,  obtained  a  complete  cure  in  150 
and  improvement  in  148.  In  the  "improved"  cases  individual 
s}inptoms  such  as  exophthalmos  and  functional  disturbances  due 
to  the  thyroid  disorder,  had  not  been  removed,  though  pro- 
nounced betterment  in  the  general  condition  was  noted.  In  the 
remaining  22  cases  the  final  results  were  not  good,  either  be- 
cause of  inability  to  complete  the  operation,  recurrence,  or  the 
persistence  of  renal  or  hepatic  disturbances. 

The  immediate  beneficial  effects  of  operation  in  exophthal- 
mic goiter  may  not  be  maintained,  either  by  reason  of  recurrence 
or  through  transformation  of  the  residual  th\Toid  tissue  into  a 
goiter.  Sraptoms  of  hyperthyroidism  relieved  by  the  operation 
mav  thus  return  after  a  loncj  or  short  interval  of  health. 

After  partial  thyroidectomy  the  tendency  of  the  remaining 
lobe  and  isthmus  is  to  a  lesseneil  hj-perplasia,  but  in  6  or  8  per 
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cent,  of  cases  a  compensatory  hypertrophy  takes  place  instead 
and  causes  persistence  or  exaggeration  of  the  symptoms 
(Brenizer),  On  the  other  hand,  myxoedematons  symptoms  may 
appear  early  in  some  cases.  Although  one-fourth  of  the  normal 
amount  of  thyroid  tissue  is  generally  considered  sufficient  to 
fulfill,  where  the  necessity  arises,  the  functions  of  the  entire 
gland.  Conversely,  signs  of  myxoedema  may  be  observed  even 
where  but  a  comparatively  small  amount  of  the  tissue  has  been 
resected.  Such  myxoedema  may  prove  only  temporary,  the  re- 
maining thyroid  tissue  finally  assuming  sufficient  activity,  to 
meet  the  needs  of  the  organism.  Such  a  serious  mistake  has, 
however,  been  made  as  to  perform  an  additional  thyroidectomy 
where  signs  of  hypothyroidism — confused  with  tliose  of  persist- 
ing hyperthyroidism, — ^\^'ere  already  present. 

In  some  instances  a  return  of  pressure  symptoms  due  to 
cysts  left  in  the  thyroid  at  the  first  intervention  and  subse- 
quently increasing  in  size  demands  a  second  operation. 

In  the  favorable  cases,  such  conditions  as  tachycardia,  pal- 
pitation, chronic  limg  congestion,  and  edema  of  one  of  the 
arms  rapidly  disappear  when  the  excessive  thyroid  action  has 
been  corrected.  Difficulty  in  swallowing,  where  previously 
present,  is  likewise  soon  relieved,  though  it  may  be  maintained 
or  increase  during  the  first  week.  Dyspnea  rapidly  disa})pear8 
after  operation  in  the  great  majority  of  cases.  Hoarseness  and 
even  a  total  laryngeal  paralysis  may  be  relieved  by  the  ojKjra- 
tion.  In  2  eases  reported  by  Berard  neuralgic  disturbances  of 
the  upper  extremity,  with  beginning  atrophy  of  the  shoulder- 
muscles,  were  caused  to  disappear  by  partial  thyroidectomy. 

On  the  whole,  when  all  the  possible  com])lications  and 
drawbacks  attending  the  o])erative  treatment  of  exophtlialmic 
goiter  are  taken  into  account,  and  the  results  are  compared 
with  those  obtained  bv  medical  treatment,  the  latter  should 
invariably  be  given  thorough  trial  before  surgical  measures  are 
resorted  to. 

GOITER. 
(Struma;  Bronchocele. ) 

Goiter,  an  enlargement  of  the  thyroid  gland,  may  be  of 
limited  or  prolonged  duration.  It  differs  from  the  disease  just 
considered,  exophthalmic  goiter,  in  that  it  does  not  give  rise, 

16 
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in  its  cliaracteristic  form,  to  systemic  s^nnptoms.  It  is  impor- 
tant to  bear  in  mind,  however,  tliat  goiter  is  sometimes  the 
precursor  of  exophthalmic  goiter,  and  that  in  such  cases  the 
routine  use  of  iodine  or  thyroid  gland  may  initiate  the  latter 
far  more  serious  disease.  Considerable  evidence  to  this  effect 
was  adduced  in  the  preceding  article. 

Etiology. — Although  goiter  in  its  various  forms  may  be 
said  to  exist  in  all  countries,  irrespective  of  race,  it  shows  a 
predilection  for  certain  countries,  Switzerland,  Prance,  Austria, 
Germany,  Italy,  and  certain  parts  of  England  and  of  the 
United  States.  This  applies  also  to  special  districts  of  these 
countries;  thus,  according  to  Lobenhoffer,**  some  towns  of 
Bavaria  show  a  proportion  of  21  to  2G  per  cent,  of  cases  of 
goiter;  in  France,  the  greatest  number  of  cases  are  found  in  the 
departments  bordering  on  the  Alps  and  the  Pyrenees,  and  in 
America,  in  Michigan,  and  in  Ontario,  Canada. 

As  to  the  topographical  characteristics  of  the  countries  in 
which  goiter  occurs,  much  prominence  lias  been  given  to  the 
influence  of  altitude  because  Bircher's  map  indicates  a  predilec- 
tion of  goiter  for  the  mountainous  districts  of  Middle  Europe. 
That  tliis  cause  is  of  secondary  importance  is  shown  by  it3 
presence  in  flat  countries  such  as  those  stretching  from  the 
north  of  Paris  toward  Ik»lgium,  along  the  valley  of  the  Thames, 
the  low-lying  districts?  of  Ontario  and  Michigan,  and  in  the 
Chitral  and  (Jilgit  of  India,  where,  according  to  McCarrison,^** 
goiti»r  is  endemic.  Iii  the  Philippines,  the  disease,  according  to 
Duncan,'*^  is  very  prevalent  in  the  municipality  of  Macabebe, 
which  is  but  a  few  feet  above  sea-level  on  the  northeast  shore 
of  Manila  Bay. 

The  drinking-water  of  goiter  districts  has  long  been  recog- 
nized as  the  intermediary  of  agents  capable  of  producing  it. 
In  such  districts  families  which  received  and  used  faithfullv 
water  from  elsewhere  avoided  the  disease.  Certain  fountains 
in  the  Canton  of  Berne,  Switzerland,  were  found  to  produce 
goiter  almost  invariably  in  the  children  who  drank  it.  The 
residuum  of  filtered  water  derived  from  such  fountains  or 
springs,  when  added  to  the  usual  and  harmless  water  adniinis- 


H  Lobenhoffer:    Mittell  a.  d.  Grenzgeb.  d.  Med.  u.  Chir.,  Bd.  xxlv,  Nu.  3.  1912. 
■*  McCarrlBon :    London  Lancet.  Jan.  25.  1913. 
*^  Duncan:    American  Med.,  Nov.  18.  1906. 
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tered  to  dogs,  guinea-pigs,  and  monkeys,  was  found  by  Wilms** 
to  cause  goiter  in  these  animals.  Much  evidence  is  available 
in  literature  proving  definitely  the  role  of  water  in  transmitting 
the  causal  agent  of  the  disease. 

As  to  the  nature  of  this  cause,  ample  modern  evidence  has 
eliminated  the  idea  of  a  single  agent  being  the  common  factor 
in  all  cases,  and  shown  that  goiter  could  be  produced  by  many 
different  agents,  inorganic  and  organic,  acting  as  poisons. 
Calcium  is  a  widespread  agent  of  this  sort,  districts  in  which 
the  geological  formation  contains  vast  quantities  of  limestone 
showing  a  large  proportion  of  goitrous  inhabitants — 50  per 
cent.,  for  example,  in  some  of  the  limestone  districts  of  India. 
In  such  districts  in  England,  where  goiter  is  exceedingly  com- 
mon, those  inhabitants  who  use  rain-water  as  sole  beverage  are, 
according  to  Morris,  free  from  the  disease.  The  silicates,  mag- 
nesia, alum,  iron,  manganese,  copper,  lead,  and  many  other 
minerals  have  also  been  incriminated  by  various  investigators. 

An  abundance  of  organic  matter  in  drinking-water  is  in- 
creasingly asserting  itself  as  an  important  cause.  This  is 
empha.«ized  by  the  fact  that  during  the  rainy  seasons  of  India, 
when  organic  matter  is  rapidly  disseminated,  the  number  of 
cases  among  the  whites  and  natives  is  greatly  increased. 
Kocher  ha.s  urged  the  importance  of  this  causal  agent  in  Switzer- 
land. The  promiscuous  use  of  human  feces  in  their  natural  state 
so  common  in  that  country,  which  stands  first  in  its  proportion 
of  goitrous  individuals,  recalls  the  experiments  of  Suzuki,  who 
produced  enlargement  of  the  thyroid  in  rats  by  feeding  them 
with  cooked  rice  mixed  with  rat  feces,  and  also  by  injecting  the 
latter  subcutaneouslv.  McCarrison  observed  a  similar  result 
in  animals  allowed  to  drink  only  water  polluted  wiih  feces. 

While  the  ingestion  of  organic  matter  of  this  class  may 
bring  into  activity  a  large  number  of  pathogenic  agents  it  re- 
calls the  stress  laid  on  some  pathogenic  organism  or  its  toxin 
as  an  exciting  cause  of  goiter  by  Poncet,  Jaboulay  and  Riviere, 
Klebs,  Kocher,  Lustig  and  Carle,  Waters,  and  others.  Koclier, 
in  fact,  found  that  "goiter  water  differs  from  goiter-free  water 
in  containing  many  more  micro-organisms."  McCarrison 
has  al>o  ably  defended  the  same  views,  the  soil  deposits  at  the 

••  Wilms:    Deut.  Zelt.  f.  Chlr.,  Jan.,  1910. 
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bottom  and  sides  of  water  channels,  tanks^  wells,  etc,  oon* 
taminating  the  water  used«  The  participation  of  calcium  in  the  * 
pathogenic  process  is  explained  by  the  fact  that  the  organism 
requires  a  calcareous  soil  to  flourish.  It  may  be  conveyed  to 
places  where  the  disease  has  not  hitherto  prevailed  and,  if  the 
conditions  are  favorable  in  that  location^  it  can  provoke  goiter. 
The  feces  constitute  the  probable  medium  through  which  the 
germ,  toxin,  or  virus  leaves  the  body,  all  evidence  pointing  to  the 
intestine  as  intermediary  in  the  process  of  infection. 

My  own  view  is  that  bacterial  infection  may  also  occur 
through  tlie  intermediary  of  the  tonsils ;  local  treatment  of  these 
organs  when  the  seat  of  catarrhal  disorders,  either  general  or 
limited  to  the  crypts,  having  enhanced  materially,  the  beneficial 
effects  of  general  measures.  The  entire  nasopharyngeal  cavity, 
the  lingual  tonsil,  the  teeth  and  gums — the  latter  being  fre- 
quently the  seat  of  pyorrhea  alveolaris — and  all  structures,  in 
fact,  through  which  a  continuous  process  of  infection  may  occur, 
can  thus  harbor  the  pathogenic  factor  of  goiter. 

Various  organisms  of  the  ameba  type  have  been  shown  to 
provoke  goiter,  doubtless  through  a  toxin  or  endotoxin 
produced  by  them.  Waters  incriminated  an  organism  resem- 
bling ttie  hematozoon  of  malaria.  Grasset  also  found  this 
parasite  in -recent  cases.  Chagas  traced  cases  to  the  bite  of  an 
insect,  Conorrhinus  megistus,  and  Brumpt  to  various  insects, 
especially  the  bedbug,  which  act  as  hosts  for  some  pathogenic 
organism. 

Marine**'  found  recently  that  the  feeding  of  liver  and  heart 
to  trout  produced  goiter.  Eeid  Hunt  obtained  a  similar  result 
by  feeding  liver  to  mice.  This  recalls  that  excessively  nitrogen- 
ous foods  were  included  by  Munson  in  1895  among  the  causes 
of  goiter.  Baumann  also  noticed  that  a  flesh  diet  stimulated  the 
thyroid  in  dogs  to  active  hyperplasia.  This  again  is  due  to 
intoxication  by  intermediate  protein  wastes  and  nucleins.  The 
latter,  as  I  have  shown,  are  the  source  of  the  toxemia  to  which 
the  form  of  exophthalmic  goiter,  caused  or  aggravated  by  a  per- 
sistent and  hyperplasic  thymus,  is  due. 

On  the  whole  it  is  evident  that  goiter  may  he  caused  by 
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MTiottt  hinds  of  toxics,  organic  as  well  as  inorganic,  and  endog- 
enous as  well  as  exogenous. 

Goiter  occhtb  more  frequently  in  females  than  in  males, 
and  in  children  thaa  in  adnlts.  Many  instances  have  been 
recorded  showing  that  the  disease  may  be  hereditary,  bnt  this  is 
doobtlesB  dne  to  the  fact  that  the  defensive  functions  against 
intoxications  of  various  kinds  are  themselves  deficient  in  many 
fiunilies. 

How  do  the  various  toxins,  individually  or  severally,  bring 
on  the  enlargement  of  the  thyroid  identified  as  goiter?  This 
question  can  only  be  answered  by  adopting  my  personal  view 
that  the  thyroid  gland — including  always  its  parathyroids — is 
intimately  connected  with  the  autoprotective  or  immunizing 
functions  of  the  hody.  Gk>iter  being  due  to  intoxication  from 
some  poison,  organic  or  inorganic,  we  are  logically  led  to  the 
oonclnoion  that  inasmuch  as  infections^  toxic  wastes,  etc.,  cause 
enlargement  of  the  tliyroid,  it  is  because  this  organ  is  the  seat 
of  a  defensive  reaction  that  it  becomes  enlarged. 

While  the  disease  may  be  the  result  of  prolonged  over- 
activity of  the  gland,  characterized  by  typical  histological  lesions 
of  hyperplasia  and  hypertrophy,  with  symptoms  of  hyper- 
thyroidia,  these  lesions  may  also  occur  in  a  gland  which  is 
unable,  even  under  violent  stimulation,  to  react  adequately  to 
the  poison.  Driven,  nevertheless,  to  inordinate  activity,  it 
undergoes  violent  congestion,  thus  causing  the  development  of 
a  relatively  rapid  form  of  the  disease.  When  this  identical 
morbid  process  develops  slowly  under  the  influence  of  a  given 
toxic,  hyperplasia  develops  as  a  result  of  the  persistent  congestion 
and  what  is  usually  termed  a  simple  or  parenchymatous  goiter 
results. 

Varieties. — Interpreted  from  my  viewpoint,  i.e.,  in  the 
light  of  the  above-described  pathogenesis,  goiter  may  be 
divided  into  five  distinct  types:  1,  simple  hypothyroid  non-toxic 
goiter  (generally  termed  simple  or  parenchymatous  goiter),  the 
underlying  cause  of  which  is  an  inherent  inability  of  the  thyroid 
apparatus  to  produce  enough  of  its  secretion  to  carry  on  its 
antitoxic  functions  beyond  those  of  normal  health,  any  excess 
of  functional  activity  to  meet  the  needs  of  an  intoxication  of 
endogenous  or  exogenous  origin  provoking  congestion,  hyper- 
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plasia  and  enlargement  of  tlie  tJiyroid,  i.e.,  goiter;  2,  hyper- 
thyroid  or  toxic  goiter,  an  aggravated  fonn  of  the  simple  hypo- 
thyroid type  due  to  excessive  secretory  activity  occurring  as  a 
result  of  the  congestion  and  hyperplasia,  and  provoking  the 
characteristic  symptoms  of  hyperthyroidia,  larval,  or  even  frank 
Graves's  disease,  though  in  most  cases  without  exophthalmos; 
3,  hypothyroid  degenerative  goiter,  divisible  into  several  subtypes 
such  as  colloid,  cystic,  fibrous,  etc.,  in  which  the  degenerative 
clianges  denoted  by  these  terms  occur  probably  also  as  com- 
plications of  the  hypothyroid  non-toxic  goiter;  4,  malignant 
goiter,  in  which  the  thyroid  or  accessory  thyroid  tissues  become 
the  seat  of  carcinomatous,  sarcomatous,  or  other  malignant 
processes;  5,  congenital  goiter  or  goiter  of  the  newborn,  which 
corresponds  pathologically  in  most  instances  with  the  congestive 
or  hyperplastic  type  of  adults,  and  occurs  in  a  large  proportion 
of  cases,  in  the  newly  bom  offspring  of  goitrous  parents  and  as  a 
result  of  pressure  during  birth. 

SIMPLE   HYPOTHYROID   NON-TOXIC   GOITER. 

The  etiology  submitted  in  the  foregoing  pages  entails  the 
conclusion  that  not  all  thyroid  glands  (including  their  para- 
thyroids) are  functionally  equal.  While  a  normal  gland  can 
fulfill  its  protective  function  under  the  stress  of  any  intoxica- 
tion or  infection  without  undergoing  material  enlargement  or 
organic  change,  a  gland  weakened  through  hereditary  influence 
or  local  lesions  resulting  from  focal  autolysis  or  hemorrhages 
which  occur  in  the  course  of  diplitheria,  and  other  diseases,  is 
unable  to  stand  the  stress.  Such  a  gland  secreting  a  de- 
ficiency of  its  normal  product,  may  swell  and  thus  become  a 
"hyposecretion"  goiter.  The  enlargement  here  is  the  result  of 
an  effort  to  compensate  by  overwork  for  the  deficient  output  of 
the  gland.  Such  goiters  rarely  show  true  hypertrophy ;  they  are 
mainly  the  seat  of  an  active  hyperemia  with  an  increase  of 
normal  cellular  elements  in  their  active  parenchyma. 

The  enlargement  may  be  the  first  symptom  noticed,  and 
through,  as  a  rule,  undue  tightness  of  collars  previously  worn 
without  discomfort.  As  the  goiter  develops,  it  remains  soft  and 
diffuse,  showing  perhaps  a  tendency  to  grow  larger  on  one  side, 
usually  the  right. 
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In  a  large  proportion  of  cases^  casual  observation  will  elicit 
no  general  symptoms  of  hypothyroidia ;  careful  examination, 
however,  will  reveal  some  symptom  or  other  of  this  condition. 
The  pulse  may  be  slow,  ranging  from  62  down  to  40  or  even 
lower.  This  bradycardia  is  witnessed  unless  some  cardiac  com- 
plication be  present.  There  is  a  marked  tendency  to  hyperi- 
drosis,  especially  of  the  extremities,  excessive  sweating  occur- 
ring under  slight  exertion  and  sometimes  even  without  it. 
H}'pothermia  is  habitual,  though  seldom  marked,  and  there 
is  a  tendency  to  cold  feet  and  hands.  The  urea  excretion  may 
be  reduced  one-third.  There  are  no  pressure  phenomena,  unless 
the  growth  is  far  advanced — no  dyspnea,  no  dysphagia.  Nor 
are  there  nen'ous  symptoms  such  as  those  that  are  common  to 
hyperthyroidia  and  exophthalmic  goiter — no  tremor,  no  ex- 
ophthalmos. There  is,  however,  a  tendency  to  rebellious  rheu- 
matic pains,  often  about  the  nucha  or  between  the  shoulders, 
especially  marked  when  the  patient  lies  abed  and,  therefore,  re- 
lieved by  rising. 

Although  this  form  of  goiter  sometimes  recedes  of  its  own 
accord,  its  tendency  is  to  persist  if  the  cause  be  not  removed, 
and  to  undergo  colloid,  cystic,  or  other  retrogressive  changes. 
It  is  a  pernicious  form  in  the  sense  that  in  tlic  child  it  tends 
toward  the  production  of  cretinism  and,  in  the  adult,  to  the  cor- 
responding condition,  myxedema. 

A  careful  study  of  tlic  general  s\Tnptom8  is  necessary  here 
to  determine  the  true  nature  of  the  goiter.  Treated  in  time 
and  by  removal  of  the  cause,  if  the  latter  can  be  located,  and 
with  appropriate  remedies,  these  eases  usually  recover.  It  is  the 
form  of  goiter  which,  as  Kocher  states,  "is  not  usually  brought 
to  the  surgeon  for  treatment  because  it  can  be  cured  by  internal 
medication,"  i.e.,  by  means  of  iodine  or  its  preparations.  This 
is  readily  understood  when  we  recall  that  iodine  supplies  that 
which  the  thyroid  cannot  provide,  in  organic  combination,  in 
sufficient  quantity.  The  halogen  thus  relieves  the  functional 
stress  which  causes  the  organ  to  enlarge. 

It  is  very  important  to  differentiate  tliis  hypothyroid  type 
from  that  which  is  characterized  bv  overactivitv  of  the  <rland, 
the  hyi)erth>Toid  tyjxi,  and  which  therefore  iodine,  thyroid  gland, 
the  iodides,  etc.,  only  serve  to  aggravate.    In  the  latter  form  we 
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Vaiu  dfjt^  UfA  ocx^r  in  a  gotier  imtess  it  be  the  seat  of  an 
jiifUrriiuatioD,  ^trninitL*,  vhkh  not  infreqoentlj  occurs  in  the 
i'jtur^t  of  su:urj:  fcbrile  A'lMAi^^,  or  of  a  malignant  growth.  Unless 
iunAUU'A  or  tfie  ts^^at  of  a  ctjuxr,  the  enlarged  gland  is  freely 
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From  f;xo[>ttttiaIniic  gr>iter,  a  simple  non-toxic  goiter  is 
Hii'o\fumu\  by  tlje  abiience  of  any  of  the  systemic  symptoms  of 
i\m  toruwT  iWmnmif  ta^rhycarrlia,  tremors,  etc.,  and  of  exophthal- 
tmrn,  Vntm  the  otlier  forms  of  goiter,  colloid,  cjstic,  fibrons, 
itUii,  it  l#  diitinguisbed  by  its  diffuse  or  even  surface,  all  the  lat- 
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ler  Tarictiee  being  more  or  less  nodular  iinder  palpatiou,  anil 
by  its  more  recent  onset. 

Examination  with  tbe  X-rays  is  indicated  to  ascertain 
whether  the  ease  be  not  complicated,  witli  an  intratlioracic  goiter 
{vide  infra)  or  an  enlarged  thymuB, 

Pathology.— Tbe  tissues  of  theae  non-toxic  goiters,  in 
wiiich  hypothyroid  ia  prcvailB,  are  etriliingly  devoid  of  all  signs 
of  hyperplasia  or  hypertrophy,  the  enlargement  being  mainly 
vascular.  At  tlie  Mayo  clinic  according  to  L.  B.  Wilson'"  less 
than  1  per  cent,  of  3563  cases  coming  for  operation  for  goiter 
show  any  considerable  primary  hir-pertrophy  and  bj-perplasia  of 
the  parenchj-ma  of  the  thyroid  exeejit  as  associated  with  clinical 
symptoms  of  true  exophthalmic  goiter.  Evon  mild  degrees  of 
hypertliyroidia  with  slight  enlargement,  such  as  occur  during 
pregnancy,  showed  some  signs  of  hypertrophy  or  hyperjjlasia. 

Prognosis. — In  young  subjects  and  pregnant  women,  ttie 
hypothyroid  non-toxic  goiter  occasionally  recedes  of  He  own 
accord,  but  as  a  rule  its  tendency  is  to  persist  and  grow,  if 
left  untreated.  Though  apparently  benign,  it  may  not  bo  so  in 
the  child,  since  it  may  initiate  cretinism  by  depriving  the  body 
at  large  of  a  part  of  its  supply  of  thyroid  secretion ;  the  adult  ia 
exposed  to  myxedema  from  the  same  cause.  It  may  also  repre- 
eent  the  earlier  stage  of  tbe  various  forma  of  nodular  goiter,  i.e., 
thoae  vhich  are  the  seat  of  colloid,  cystic,  fibrous  or  other  retro- 
grade changes.  Properly  treated,  however,  before  these  com- 
plications have  occurred,  these  goiters  readily  yield. 

Treatment. — Elimination  of  the  cause  sometimes  suffices 
to  prodnce  retrocession  of  the  goiter.  When  it  is  endemic,  the 
toxic  is  probably  a  water-borne  one,  mineral  or  organic.  We 
have  seen  that  the  former  include  calcium  aa  a  frequent  cause, 
and  the  latter  pathogenic  organisms,  fecal  pollution  and  other 
contaminating  agents.  A  change  of  water  used  for  drinking 
and  cooking  purposes  is  therefore  an  important  feature  of  the 
treatment.  The  diet  sliould  also  be  controlled  since  a  free  use 
of  meats  has  been  found  by  Waters,  Baumann  and  others  to 
promoto  the  growth  of  goiter;  liver  we  have  seen  actually  causes 
goiter  in  trout  and  mice.  A  meat-free  diet,  or  at  least  the 
omission  of  red  meats  from  the  food,  is  very  helpful  in  most 
■U  B.  WIImq:    Jour,  ot  Ui«Am.  Ued.  Amoc.,  Jan.  10,  UU. 
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cases  by  reducing  the  proportion  of  nudeins  vhich  actiyate  ab- 
normally as  poisons  the  inadequate  thyroid  and  cause  it  to 
become  hyperemic  and  enlarged. 

Autointoxication  of  intestinal  origin  is  an  important  &&- 
tor.  A  rich  diet  may  also  act  as  an  indirect  cause  of  goiter^  as 
urged  by  Waters,  Baumann  and  others.  A  meat-free  diet  some- 
times suffices  to  reduce  the  size  of  a  goiter.  The  purpose  here 
is  to  prevent  autointoxication  mainly  by  nucleins,  and  thus  re- 
duce the  work  of  the  thyroid  as  a  factor  in  the  defensive  func- 
tions of  the  body. 

To  attain  the  same  object  purgatives  are  indicated  wherever 
the  intestinal  action  is  not  free.  It  should  be  maintained  by 
means  of  saline  aperients,  preferably  the  sodium  phosphate  2 
drams  (8  6m.)  daily,  and  if  any  autointoxication  of  intestinal 
origin  is  discernible,  or  if  pathogenic  organisms,  entozoa  in  the 
alimentary  tract,  be  a  possible  caupe,  intestinal  antiseptics,  thy^ 
mol,  the  sulphocarbolate  of  zinc,  betanaphthol,  sodium  salicylate 
or  creosote  carbonate  should  be  administered.  Messerli**  advo- 
cates, on  the  basis  of  excellent  results,  continuous  mild  purgation 
to  keep  the  intestinal  bacterial  flora  down  as  much  as  possible. 

A  purulent  focus  in  ai\y  organ  may  also  provoke  the  thy- 
roid overactivity  which  maintains,  or  leads  to,  goiter.  Catarrhal 
disorders  of  the  nasal  cavities,  including  the  sinuses  and  vault, 
the  ears,  lingual  tonsil  and  the  gums,  especially  pyorrhea 
alveolaris,  should,  therefore,  be  recognized  as  causes  and  treated 
witli  due  thoroughness.  The  most  prolific  etiological  factors 
of  this  nature,  however,  are  conditions  of  the  tonsils  which  in 
any  way  tend  to  favor  the  accumulation  of  bacteria  in  the 
crypts  of  these  structures  or  behind  them.  Extirpation  of 
these  organs,  besides  being  sometimes  dangerous  in  these  cases 
owing  to  the  dilatation  and  engorgement  of  the  neighboring 
vascular  channels,  does  not  afford  the  best  results.  Each  puru- 
lent focus  should  be  carefully  cleansed,  then  cauterized  with 
either  galvanocautery  or  ignipuncture.  TjCss  active  measures  do 
not  procure  lasting  results.  Adenoid  vegetations  may  also 
cause  goiter  in  tlia  young  by  perpetuating  an  autotoxic  process. 
Coble,^^  for  instance,  obtained  complete  disappearance  of  a  goiter 

*^  Messerli:    Revue  M^dicale  de  la  Suisse  RomaDde»  March  19,  1915. 
**  Coble:    Indianapolis  Med.  Jour.,  Feb.,  1909. 
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in  a  boy  of  15  years,  by  removing  an  unexpectedly  large  adenoid. 
Pelvic  disorders  in  which  ulceration  is  present  should  also  be 
remedied. 

Aa  regards  internal  medication  it  is  only,  as  previously 
stated,  in  these  hypothyroid  cases  that  we  may  with  certainty 
expect  results  from  iodine  and  its  preparations  or  from  its 
organic  congener — ^that  contained  in  thyroid  gland.  As  advised 
by  Kocher,  however,  and  as  my  own  experience  has  shown, 
iodine  and  thyroid  gland  should  be  reserved  for  the  cases 
that  are  free  from  pressure  s}Tnptoms — ^remembering  always, 
however,  that  hysterical  cases  often  experience  a  sensation  of 
choking  irrespective  of  the  goiter — and  where  the  growth  has 
been  growing  slowly.  Its  mode  of  action  suggests  itself  in  the 
light  of  my  views:  it  enhances  directly  or  indirectly  the  anti- 
toxic function  of  the  thyroid  apparatus,  by  enliancing  its 
activity  or  of  its  secretion  in  the  blood-stream,  and  thus  aids  in 
breaking  down  the  toxic  which  causes  the  goiter.  The  sodium 
salt  of  iodine,  sodium  iodide,  is  to  be  preferred  to  the  potassium 
salt,  the  ion  of  which  may  affect  the  heart  unpleasantly.  A  dose 
of  5  grains  (0.3  Gm.)  three  times  a  day,  given  immediately  after 
a  meal  in  a  small  tumblerful  of  water,  will  awaken  no  gastric 
disorder,  even  when  gradually  increased  to  10  grains  (0.6  Gm.) 
taken  in  the  same  manner.  Some  cases  respond  better  to  the 
action  of  Lugol's  solr.tion ;  3  to  5  drops  may  be  given  in  the  same 
way  as  tlie  iodide  salt. 

The  patient  should  be  watched  carefully  and,  if  any  sign 
of  iodisra  appears,  the  use  of  the  iodine  salt  should  be  discon- 
tinued a  few  days,  after  which  it  may  be  resumed  by  starting 
with  a  smaller  dose — just  enough  to  approximate  iodism  with- 
out provoking  it.  To  arrest  iodism,  if  it  should  persist,  Fowler's 
solution  in  2-  to  3-  minim  (0.12  to  0.18  Gm.)  doses  in  half- 
glassful  of  water  after  meals,  sometimes  proves  effective.  But 
its  administration  should  be  discontinued  as  soon  as  the  un- 
toward symptoms  disappear. 

Steadily  as  the  enlarged  gland  is  aided  by  the  halogen  in 
carrying  its  antitoxic  functions,  it  recedes  if  the  goiter  be  an 
hypothyroid  (parenchymatous)  frrowth,  and  if  the  sources  of  the 
causative  intoxication  have  been  thoroughly  eradicated. 

To  activate  the  action  of  the  iodine  salt,  a  5  to  10  per  cent. 
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ointment  of  iodopetrogcn  (U.  S.  Formulary)  should  be  nibbed 
into  the  gland  daily,  ceasing  as  soon  as  iodism  or  irritation  of 
the  skin  appears.  A  piece  the  size  of  a  small  hazelnut  suffices 
if  properly  nibbed  in.  Its  application  should  be  preceded  by  a 
period  of  massage  of  ten  minutes'  duration,  tlie  movements  being 
directed  downward  and  outward  and  synchronous  with  deep  in- 
spirations. This  and  the  compression  exerted  cause  a  reflex 
contraction  of  the  vascular  channels,  and  hasten  materially  the 
curative  process.  Where  iodism  tends  to  appear,  the  ointment 
of  biniodide  of  mercury  weakened  by  the  addition  of  an  equal 
quantity  of  simple  ointment  should  be  used  instead.  If  irritap 
tion  of  the  skin  is  produced  the  intervals  between  the  applica- 
tions should  be  prolonged. 

Formerly,  iodine,  iodoform  and  other  drugs  were  injected 
into  tlie  growth.  But  this  method  has  been  generally  abandoned 
owing  to  its  dangers,  death  having  resulted  in  a  number  of  in- 
stances. Moreover,  its  indications  being  the  follicular  or 
parenchymatous  type — our  hypothyroid  form — it  affords  no  ad- 
vantage over  the  internal  use  of  iodine  or  its  congeners. 

As  previously  stated,  any  sign  of  hyperthyroidia  dr  larval 
exophthalmic  goiter  precludes  the  use  of  iodine  or  thyroid^  or 
any  preparation  of  the  agents;  yet  care  is  necessary  to  avoid 
attributing  to  hyperthyroidia  sAinptonis  which  may  suggest  the 
presence  of  this  condition  and  yet  be  due  to  hypothyroidia. 
The  or»xan  which  most  frequently  misleads  the  clinician  in  this 
connection  is  the  heart,  owing  to  the  frequency  with  which 
this  organ  is  the  seat  of  organic  lesions.  Thus,  in  a  study  of 
381  cases  of  goiter  and  of  the  autopsy  records  of  720  cases, 
Shranz  found  organic  lesions  of  the  heart,  irrespective  of 
valvular  lesions,  in  23  per  cent,  of  goitrous  children  and  49 
per  cent,  of  goitrous  adults.  The  morbid  process  found  to 
predominate  in  the  autopsy  records,  25  per  cent,  of  all  subjects 
examined,  proved  to  be  degeneration  of  the  myocardium — a  con- 
dition clearly  explained  by  the  participation  of  the  th}Toid 
secretion  in  tissue  metabolism  which  I  advocate.  Deficient  thy- 
roid activity  thus  means  defective  cardiac  nutrition,  in  keeping 
with  the  corresponding  condition  of  the  rest  of  the  body  when 
the  hypothyroidia  has  existed  sufficiently  long.  Dilatation  of  the 
right  ventricle  (Rose's  goiter  heart)  is  a  form  of  disorder  not 
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infreqnently  met  with^  and  which  gives  rise  to  puhnonary  con- 
gestion— ^Kocher's  pneumonic  goiter  heart.  Conversely  we  may 
encounter  a  condition  in  which  tlie  hearty  as  a  result  of  a  func- 
tional or  organic  disorder^  may  so  influence  the  circulation  as  to 
provoke  congestion,  passive  or  active,  of  the  thyroid  and  pro- 
duce what  B6villiod  has  termed  a  "cardiac  goiter/^ 

This  indicates  that  a  careful  study  of  the  heart  is  neces- 
sary where,  as  is  so  often  the  case,  a  functional  disorder,  includ- 
ing the  more  prominent  sign  of  hyperthyroidia,  tachycardia,  is 
present.  Thus,  a  low  vascular  tension  due  to  general  vasodila- 
tion, may,  in  virtue  of  Marey's  law,  produce  a  rapid  pulse  and 
lead  the  clinician  to  believe  that  he  is  dealing  with  a  goiter 
which  has  assumed  the  hyperthyroid  or  thyrotoxic  type.  On 
the  whole,  a  rapid  pulse  does  not  always  preclude  treatment  for 
simple  goiter — with  cardiac  complications  perhaps — unless  the 
tachycardia  be  accompanied  by  other  symptoms  of  larval  Graves's 
disease. 

When  a  cardiac  disorder  of  an  adynamic  type,  especially 
dilatation  of  the  right  ventricle,  is  detected,  the  iodides  are  safer 
than  thyroid  gland.  Unless  the  rare  type  of  "cardiac  goiter*' 
be  present,  digitalis  is  of  material  help  in  the  curative  process; 
digitalin,  34o  grain  (0.06  Gm.)  twice  daily,  not  only  enhances 
the  cardiac  dynamism,  but  tends  also  to  regulate  the  vis  a  tergo 
motion  of  the  blood  in  the  body  at  large  and  thus  relieve  the 
congestion  of  the  tliyroid — a  prominent  feature  of  the  enlarge- 
ment of  this  organ  which  constitutes  goiter. 

In  rebellious  cases  the  injection  of  boiling  water  into  the 
goiter  may  be  tried.  Porter's  method  previously  described  (see 
page  237)  may  be  employed.  John  R.  Wyeth®^  recommends  the 
following  metliod:  The  skin  and  the  area  to  be  injected  are 
anesthetized  by  means  of  novocaine  solution,  one-half  of  1  per 
cent.  A  steel  syringe  is  filled  with  boiling  water  from  a  cal- 
dron, and  the  water  immediately  injected  by  inserting  the  needle 
well  into  the  substance  of  the  mass.  To  })revent  scalding  of 
the  skin,  the  contiguous  surfaces  are  shielded  by  a  covering  of 
towels,  only  the  point  of  injection  being  left  exposed.  As  the 
steam  or  water  is  apt  to  escape  from  the  nee<lle,  a  gauze  swab 
is  held  as  a  shield  in  front  of  the  nee<lle,  which  is  thrust  through 

•*Wjeth:    New  York  Medical  Record.  May  29,  1915. 
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and  into  skin  when  the  contact  is  made.  From  ten  to  twenty 
minims  are  forced  out  in  one  spot;  after  which  the  needle  is 
partially  withdrawn,  the  point  carried  to  a  new  field,  and  the 
injection  repeated.  Three  or  four  such  areas  may  be  injected 
at  one  sitting;  injections  are  repeated  as  required,  at  intervals 
of  one  or  two  weeks,  until  the  tumor  disappears.  In  a  case 
cited  five  injections  were  made  in  ten  weeks,  and  in  three  months 
the  goiter  had  entirely  disappeared.  Important  vessels  and 
nerves,  as  well  as  the  trachea,  should,  of  course,  be  avoided,  and 
it  is  advisable  not  to  point  the  needle  immediately  under  the 
skin,  as  the  excessive  heat  so  directly  applied  may  produce 
necrosis.  A  Bunsen  burner  or  alcohol  lamp  held  under  the  bar- 
rel of  the  syringe  just  as  the  needle  is  being  inserted  will  insure 
the  high  temperature  required.  Care  should  be  taken  to  avoid 
the  veins. 

Electricity  sometimes  proves  of  value,  but  only  as  an  adju- 
vant to  internal  treatment.  Galvanism  may  be  administered 
by  applying  one  of  the  electrodes,  well  moistened  in  saline  solu- 
tion, to  each  side  of  the  goiter;  10  or  more  milliamperes  of  the 
constant  current  should  be  used  fifteen  minutes  every  other  day, 
the  positive  pole  being  placed  over  the  goiter.  For  large  growths, 
the  electrodes  should  be  broad  and  malleable,  the  one  covering 
the  entire  surface  of  the  goiter,  while  the  other,  well  moistened, 
is  applied  to  the  back  over  the  seventh  cervical  vertebra.  A  cur- 
rent of  20  milliamperes  or  more  is  required  to  insure  penetra- 
tion. Cataphorcsis  may  be  carried  out  merely  by  wetting  the 
negative  electrode  with  Lugol's  solution  instead  of  saline  solu- 
tion. In  most  cases,  however,  especially  where  the  general  symp- 
toms of  hypothyroidia  are  not  very  marked,  the  internal  adminis- 
tration of  the  iodide  with  galvanism  will  suffice.  The  latter 
contributes  to  the  curative  process  by  increasing  the  contractile 
activity  of  the  blood-vessels,  thus  relieving  the  engorgement  of 
the  gland.  Static  electricity  has  also  been  used  advantageously 
by  some  observers. 

The  X-rays  have  been  tried,  but  the  prevailing  opinion  is 
that  they  should  not  be  used  in  hypothyroidia,  their  tendency 
being  to  inhibit  further  the  functional  activity  of  the  gland — 
to  the  point  of  myxedema  in  some  instances.  Especially  is  this 
danger  to  be  borne  in  mind  in  the  case  of  goitrous  children. 
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Vaccine  therapy  offers  a  promising  therapeutic  field  in 
goiter.  McCarrison/^  in  studying  ttie  amebic  flora  of  the  intes- 
tine in  cases  of  endemic  goiter  in  India,  was  \e<],  by  the  unifor- 
mity of  the  bacterial  growth^  to  try  the  effects  of  a  vaccine  made 
from  this  composite  growth  upon  some  of  the  cases.  Ttierc 
followed  a  prompt  decrease  in  the  size  of  the  enlarged  gland 
and  complete  recovery  in  many  cases.  UjK>n  examination  of 
this  bacterial  growth  it  was  found  to  consist  mainly  of  a  some- 
what altered  type  of  colon  bacillus.  He  therefore  used  a  vac- 
cine made  from  this  alone^  and  obtainerl  similar  good  results. 
He  also  tried  the  effects  of  a  vaccine  made  from  a  staphy- 
lococcus and  one  from  a  spore-bearing  bacillus,  with  favorable 
results  from  both.  He  treated  33  cases  in  all,  with  most  excellent 
results,  but  calls  attention  to  the  fact  that  the  treatment  is 
suitable  for  recent  cases  of  parench\*matous  goiter  only,  i.e.,  tlie 
hypothyroid  type.  The  results  were  best  when  the  composite 
vaccine  was  used.  By  way  of  explanation  of  the  action  of  these 
varied  vaccines,  he  suggests  that  tlie  cases  studied  by  him  in 
India,  were  due,  as  he  had  previously  found,  to  an  ameba  in  the 
intestine;  that  the  thyroid  is  the  means  of  combating  certain 
toxins  normally  present  in  the  intestine;  that  when  to  these 
there  is  added  the  siKJcific  virus  of  goiter  (from  the  ameba) 
there  is  an  extra  strain  juit  upon  the  gland,  and  in  consefiuence 
of  this  it  undergoes  liyi>ertroi>hy.  By  the  use  of  one  of  the 
vaccines,  wliicli  in  itself  is  in  no  way  specific  for  goiter,  there  is 
removed  from  the  tliyroid  gland  tlie  added  strain  of  neutralizing 
the  toxins  arising  in  the  intc^stine  from  the  bacteria  there 
present,  and  tlie  gland  is  able  to  return  to  its  normal  size  and 
take  care  of  the  specific  toxin  of  the  disease.  This  interpretation 
is  in  accord  witli  my  own,  the  amebic  toxin  actin^r  as  patho- 
genic agent,  wliich  the  vaccine  combats  hy  promoting  the  forma- 
tion of  antibodies,  thus  relieving  the  need  of  excessive  thyroid 
activitv. 

Langmead^*^  tried  vaccines  prepared  from  coliform  ])acilli 
from  the  patient's  own  bowel  in  eight  cases  of  parencliy- 
matons  goiter.  The  growtli  disappeared  in  one  instance  and 
diminished  in  size  in  the  rest.     The  initial  dose  was  usuallv 


•*McCarrlBon:     London  Lanrot,   Fob.   10.   1912. 
*Langmead:    Monthly  Cyclopedia,  May.  1914. 
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125  millions,  increased  by  25  or  30  millions  at  each  injection 
administered  weekly. 

The  diet  is  an  important  feature  in  some  cases;  meats 
should  be  partaken  of  sparingly  owing  to  their  tendency  to  raise 
the  blood-pressure  in  some  cases,  and  in  others  totally  omitted 
if  the  case  be  one  due  to  autointoxication  of  intestinal  origin. 
Violent  physical  exercise  produces  the  same  eflfect  as  meats  by 
increasing  abnormally  the  average  of  wastes. 

HYPERTHYROID  OR  TOXIC  GOITER. 

In  the  group  of  parenchymatous  or  simple  goiters  it  is 
now  customary  to  include — ^though  injudiciously,  since  they  thus 
tend  to  be  overlooked,  to  the  detriment  of  the  patient — ^the  con- 
siderable number  of  cases  in  which  certain  symptoms  of  thyro- 
toxicosis, in  particular  those  relating  to  the  heart,  occur,  nearly 
always,  however,  in  the  absence  of  exophthalmos.  In  my  opinion, 
most  if  not  all  these  cases  are  instances  of  larval  exophthalmic 
goiter — this  being  sustained  by  the  fact  that  the  usual  treatment 
for  their  condition  is  alone  beneficial. 

According  to  Brenizer,  hyperthyroidia  or  thyroid  toxemia 
is  observed  in  20  to  25  per  cent,  of  all  cases  of  simple  goiter. 
The  condition  occurs  most  frequently  in  cases  of  diffuse  or  en- 
capsulated adenoma  of  the  thyroid  of  several  years'  standing. 
The  toxic  symptoms  may  arise  either  gradually  or  suddenly. 
The  entire  group  of  these  cases  has  been  termed  by  Plummer 
"toxic  non-hyperplastic  goiter,'^  thus  emphasizing  the  need  of 
considering  separately  from  simple  goiter.  Moreover,  experi- 
enced clinicians  are  in  accord  that  the  state  of  the  patient 
approximates  more  and  more  that  of  exophthalmic  goiter,  and 
the  same  preliminary  measures  and  precautions  as  are  necessary 
in  the  latter  condition  are  indicated  in  bona  fide  cases. 

Treatment. — ^When  a  goiter  is  showing  a  tendency  to 
assume  the  Graves  s}'ndrome.  Fowler's  solution,  2  to  3  minims 
(0.12  to  0.18  c.c),  three  times  daily  in  half-glassful  of  water,  or 
the  bromides  to  reduce  the  sensitiveness  of  the  centers,  and  cold 
compresses  over  the  gland  are  useful.  But  if  tachycardia, 
tremors,  etc.,  persist,  the  treatment  for  Graves's  disease  (q,  v.) 
should  be  employed.    Thyroidectomy  or  at  least  ligation  of  some 
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of  the  mrteries  of  the  tbvroid  sliould  be  perfonnod  if  the  Ic^ 
ndicml  measores  which  usually  succeed  in  6raves*s  disea^^  fail. 

Ll  F.  Watfion,**  of  Oklahoma  City,  obtaineil  gixxl  result*  by 
injecting  10  to  40  c.c.  (15  to  60  minims)  of  a  stcrilizeil  30  to  50 
per  cent,  solution  of  quinine  and  urea  hydrochloride  into  the 
growth,  in  fifty  cases  of  h\*perthyroidia.  He  recommended  the 
method  onlv  to  relieve  the  latter  condition  and  not  to  remove 

m 

the  goiter,  though  the  latter  may  disapj^H»ar,  when  small.  The 
injection  must  be  used  with  discretion;  its  indiscriminate  use 
by  an  inexperienced  person  might  have  bad  results.  The  use 
of  local  anesthesia  cannot  be  too  much  emphasized,  and  he  pre- 
cedes it  in  all  toxic  cases  with  preliminary  injec*tions,  into  the 
most  prominent  parts  of  the  goiter,  of  a  few  minims  of  sterile 
salt  solution,  followed  by  sterile  water  injections.  Two  to  four 
preliminar}'  injections  will  accustom  the  patient  so  that  the 
quinine  and  urea  can  be  safely  given  with  slight  discomfort.  As 
soon  as  no  hyperthyroidal  reaction  follows  the  water  injections 
their  usefulness  is  over.  After  the  usual  aseptic  pnx^aution  and 
the  anesthetization  of  the  site  of  the  injection  with  a  0.1  \h^t 
cent,  cocaine,  or  a  0.25  novocaine  solution,  the  needle  is  car- 
ried down  to  the  body  of  the  goiter,  repeating  the  injections 
every  third  day,  according  to  the  projrress  of  the  patient.  From 
8  to  15  injections  are  usually  nei'essary  to  l)ring  about 
marked  improvement.  In  eases  of  recent  cystic  goiter  witli 
moderate  hyperthyroidism  ho  aspirates  the  fluid  and  makes  from 
1  to  3  injections.  In  his  conchisions  lie  says  the  injection  will 
not  relieve  advanced  cases  when  the  vascular  and  nervous  svs- 
tems  have  been  permanently  damaged,  and,  while  the  method  is 
harmless  in  experienced  hands,  it  should  be  used  only  in  a 
hospital. 

HYPOTHYROID   DPT.ENERATIVK   GOITER. 

This  type  of  f^oiter  may  occur  as  a  morbid  development  of 
the  simple  or  parenchymatous  form  reviewed  above,  but  it  does 
not,  as  is  the  case  with  the  latter,  represent  a  uniform  patlio- 
logical  entity.  Tlie  characteristic  alteration  may  occur  in  one 
or  several  parts  of  the  gland,  thus  giving  it  in  most  instances  an 
irregular  or  nodular  surface.     The  affected  areas  nuiy  be  the 

**WaUoD:    Jour.  Am.  Med.  Assoc.,  Jan.  10.  1914,  and  Sept.  25.  1915. 
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scat  either  of  an  increase  of  follicles^  vessels,  etc.,  a  true  hyper- 
trophy, or  of  accumulations  of  more  or  less  thick  and  tenacious 
colloid,  which  dilates  one  or  more  follicles.  These  areas,  espe- 
cially when  a  single  nodule  is  present,  tend  to  degenerate  owing 
to  the  influence  of  tlie  proliferated  tissues  upon  the  neighboring 
structures  and  upon  the  local  vascular  supply,  and  to  become  the 
scat  of  hemorrhages.  Nodule  of  the  isthmus  is  relatively  fre- 
quent, the  mass  projecting  from  the  middle  of  the  neck. 

As  goitrous  masses  may  develop  anywhere  in  the  gland,  and 
simultaneously  in  several  parts  of  the  organ,  while  varying 
greatly  in  shape  and  size,  the  pressure  effects  they  produce  vary 
greatly  with  each  case.  The  trachea  may  be  displaced  from 
side  to  side,  twisted,  or  compressed  against  the  spine,  thus  pro- 
ducing dyspnea;  the  cervical  vessels  and  the  vagus  may  also  be 
pressed  ui)on,  causing  congestive  disorders  of  the  brain,  syncope, 
slowing  of  the  pulse  and  dyspnea.  Hoarseness  and  aphonia  may 
occur,  if  the  recurrent  laryngeal  is  pressed  upon.  Occasionally 
symi)athetic  nerves  are  compressed,  thus  giving  rise  to  vascular 
phenomena  or  paralysis  in  the  parts  which  these  nerves  supply. 

The  progress  of  recent  years  in  the  treatment  of  degenera- 
tive goiter  renders  it  necessary  to  identify  its  various  forms, 
some  being  amenable  to  measures  which  cannot  be  used  in  others. 
Thus,  wliilc  aspiration  is  sometimes  possible  in  cystic  goiter,  it 
is  of  course  unavailable  in  fibrous  goiter,  etc.  The  various  types 
arc  as  follows: — 

Coll  aid  a  oiler. — I'liis  form  of  tjoiter,  which  is  often  met 
with  in  i)ractire,  is  thus  termed  because  its  main  characteristic 
is  an  accumulation  of  thick,  tenacious  colloid  in  follicles  of  the 
organ,  in  isolated  lobules,  lymph-spaces,  and  even  the  whole 
organ.  In  the  average  case  tlie  gelatinous  colloid  (the  growth 
being  termed  slruma  gclatinosum  by  some  authors)  so  overfills 
the  follicles  that  the  goiter  is  lobulated  and  liard.  It  is  probably 
an  advanced  stage  of  the  softer  goiters,  both  diffuse  and  nodular, 
and  may  be  distinguished  from  them  tbrough  their  relative  hard- 
ness: and  the  fact  that  they  do  not  become  reduced  under  pres- 
sure with  the  hand,  owing  to  escape  of  a  part  of  tlie  fluids  in 
tbo  neighboring  tissues,  as  do  some  of  the  softer  growtlis.  This 
form  of  goiter  is  not  influenced  by  internal  medication,  iodine, 
tliyroid,  etc. 
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Cystic  OoUer. — ^This  form  may  develop  from  a  colloid 
goiter  or  from  an  adenomatous  goiter,  a  form  in  which  the 
glandular  epithelium  is  embryonic  and  produces  but  little 
colloid.  It  may  be  composed  of  retention  cysts  or  of  hemor- 
rhagic cysts  due  to  rupture  of  some  dilated  vessels  in  the  growth. 
This  constitutes  a  special  form  of  goiter. 

Cystic  goiter  is  lobular,  sometimes  oval,  at  othera  circular, 
but  always  circumscribed.  It  is  elastic,  and  usually  soft  and 
smooth.  Fluctuation  may  sometimes  be  elicited.  Hence  the 
fact  that  it  may  be  aspirated  and  successfully  treated  without 
resorting  to  surgical  removal. 

Fibrous  goiter  differs  entirely  from  the  foregoing  path- 
ologically in  that  it  i^  due  to  the  development  of  fibrous  tissue, 
a  result  of  local  inflammation  in  various  parts  of  the  organ. 
It  is,  therefore,  hard  under  pressure  and  nodular.  The  gland- 
ular elements  being  more  or  less  compressed  by  the  fibrous 
tissue,  their  functional  power  is  inliibited,  causing  a  correspond- 
ing degree  of  hypothyroidia,  which,  when  advanced,  may  reach 
the  stage  of  true  myxedema.  In  rare  cases  the  goiter  becomes 
as  hard  as  wood;  hence  the  terms  ligneous  goiter  and  Riedel's 
disease  sometimes  attributed  to  it.  A  distinctive  feature  of  the 
latter  is  its  raj)id  evolution — a  few  months  or  even  weeks,  ^ 
serious  pressure  effects  (described  below)  developing  promptly. 

Any  one  of  the  above  types  of  goiter  may,  through  pro- 
jection of  one  or  more  parts  of  the  gland,  awaken  a  special 
group  of  phenomena  most  of  whicli  are  serious. 

Intrathoracic  Goiter. — ^lliis  type,  which  is  by  no  means 
rare,  is  the  result  of  a  downward  development  of  a  nodule  from 
either  inferior  horn  oi  the  tiiyroid.  At  first  remaining  above 
the  suprasternal  not^li  it  finally  passes  down  into  the  thorax, 
behind  the  sternum,  being  aided  in  doing  so  by  the  downward 
movement  of  the  thyroid  and  the  suction  of  the  enlarged  organ 
into  the  chest,  which  occur  during  inspiration.  It  is  apt  to  be 
met  in  subjects  who,  owing  to  their  occupation,  are  obliged  to 
bend  the  head  forward,  as  in  writing,  during  prolonged  periods 
each  dav,  and  in  sliort-ninked  individuals. 

As  the  intrathoracic  goiter  develops,  tending  as  it  does  to 
become  very  large,  the  resistance  of  the  stcnnim  causes  it  to 
compress  quite  markedlv  the  structures  on  either  side  of  the 
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traceha  and  the  latter  itself,  and  may  become  a  cause  of  sadden 
death. 

The  diagnosis  of  intratlioracic  goiter  is  very  difficult  with- 
out the  aid  of  X-rays.  The  most  striking  symptoms  are  dyspnea, 
dysphagia,  hoarseness,  cougli,  redness  or  suffusion  of  the  face, 
cyanosis  of  the  lips,  dilatation  of  cervical  veins  and  of  those  of 
the  upper  part  of  the  chest.  Cardiac  symptoms,  "palpitations,'* 
are  usually  complained  of.  Dullness  over  the  manubrium 
stemi  is  also  suggestive. 

ConstHctive  Goiter. — In  this  fonn  the  nodular  mass 
has  grown  in  such  a  way  as  to  pass  behind  the  trachea  and  thus 
encircle  or  constrict  it.  It  may  also  be  due  to  embryonal  mal- 
formation of  the  thyroid,  both  superior  horns  of  which  may  en- 
circle the  trachea  or  esophagus.  Dyspnea  and  dysphagia  are 
the  main  symptoms.  Deep  lar}'ngoscopy,  esophagoscopy  and  the 
X-rays  are  of  material  help  for  the  recognition  of  this  condition 
— a  very  distressing  one  in  most  instances. 

Lingual  goiter  is  an  interesting,  though  rare,  form  of 
goiter  which  is  more  frequent  in  women  than  in  men,  though 
in  the  latter  accessory  thyroids  are  more  common.  When  these 
accessory  structures  become  goitrous  this  occurs  with  relative 
suddenness,  the  growth  showing  great  vascularity.  Lingual  thy- 
roids are  situated  upon  the  dorsum  of  the  tongue  behind  and 
below  tlie  foramen  cecum  and  are  sometimes  very  large.  They 
cause  prolonged  fits  of  coughing,  deglutition,  spasms,  and 
hoarseness. 

Lingual  goiter  may  be  confused  with  malignant  grow^ths  of 
the  same  structures.  While  lingual  goiter  is  painless,  however, 
malignant  growths  are  painful  and  are  usually  accompanied  by 
swelling  of  the  neighboring  lymphatic  glands.  They  are  apt 
moreover  to  grow  more  rapidly.  The  lingual  gland  at  the  base 
of  the  tongue  may  also  be  the  seat  of  benign  growths :  dermoid 
cysts,  calcareous  deposits,  etc.,  and  giimmata. 

Hemorrhagic  Goiter. — Although  the  thyroid  gland  is 
sometimes  the  scat  of  hemorrhagic  foci  in  the  course  of  certain 
infections,  diphtheria  in  particular,  the  term  "hemorrhagic 
goiter''  is  usually  given  to  hemorrhage  occurring  more  or  less 
suddenly  in  a  goiter.  The  minor  vessels  of  these  grow^ths  being 
delicate,  a  blow,  a  severe  strain,  violent  coughing,  playing  wind 
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instruments^  glass-blowing,  a  fall,  etc.,  cause  them  readily  to  tear. 
The  resulting  symptoms  depend  in  intensity  upon  the  size  and 
location  of  the  hemorrhagic  focus,  but  as  a  rule  they  are  severe, 
sufficiently  so  in  some  instances  to  end  in  almost  immediate 
death.  Swelling,  tenderness,  and  pain  due  to  distention,  in- 
creasing dyspnea,  cyanosis,  asphyxia  and  other  pressure  symp- 
toms follow  in  more  or  less  rapid  succession  according  to  the 
location  of  the  pressure  and  its  degree  and  direction. 

Symptoms  of  Degenerattvb  Goiter. — Patients  may  be 
unaware  of  the  existence  of  a  goiter  until  some  pressure  symp- 
toms among  those  described  below,  causes  them  to  seek  medical 
advice.  Others  complain  of  the  necessity  of  increasing  the  size 
of  their  collarband;  of  disappearance  of  the  normal  circular 
creases  of  the  neck;  of  stiffness  about  the  front  of  the  neck;  of 
dyspnea  on  inclining  the  head  forward,  etc.  The  goiter  being, 
connected  through  the  posterior  capsule  of  the  thyroid  with  the 
trachea  and  esophagus,  deep  respiration  and  deglutition  cause 
the  growth  to  move  up  and  down,  a  fact  which  greatly  facilitates 
its  detection  by  inspection  and  palpation.  Cough  accentuates 
the  movement  and  is  especially  helpful  in  the  diagnosis  of  intra- 
thoracic goiters.  Detection  of  the  latter  is  further  facilitated  by 
percussion  over  the  upper  part  of  the  sternum,  when  marked 
dullness  is  obtained.  If  the  goiter  is  sufficiently  large  to  cause 
pressure  on  the  trachea,  a  sibilant  or  whistling  rale  may  be  heard 
on  auscultation.  This  is  apt  to  be  mistaken  for  asthma  in  cases 
of  intrathoracic  goiter  occurring  in  short-necked  individuals. 

The  diagnosis  of  a  degenerative  goiter  is  a  relatively  simple 
matter,  even  in  their  incipiency,  when  the  measures  described 
above  are  carried  out.  From  the  diffuse,  simple,  non-toxic 
growths,  they  are  readily  distinguished  in  most  instances  by  the 
fact  that  they  are  nodular.  While  the  former  are,  as  a  rule, 
diminished  in  size  through  pressure  upon  them,  owing  to  the 
vascular  depletion  produced,  nodular  goiters  yielJ  but  little,  if 
at  all,  to  pressure.  Fluctuation  may  sometimes  be  discerned  in 
large  colloid  or  cystic  growths. 

Pressure  symptoms  are  far  more  likely  to  occur  in  degen- 
erative goiters  than  in  simple  goiters,  because  of  their  tendency, 
in  addition  to  their  general  growth,  to  project  nodules  which 
directly  or  indirectly  produce  compression  of  some  neighboring 
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structure^  the  trachea,  esophagus,  blood-yessels  and  nerres  in 
particular.  They  may  occur  early  or  late  in  the  history  of  the 
case,  or  suddenly  where,  as  we  have  seen,  interstitial  hemorrhage 
is  caused  in  the  growth  by  a  blow,  violent  effort,  etc 

Hoarseness  is  frequently  observed  in  goiters  that  are  suffi- 
ciently large  to  cause  distortion  of  the  trachea,  compression  upon 
the  cricoid  and  thyroid  cartilages,  thus  interfering  with  the 
proper  anatomical  relations.  Hoarseness  may  also  be  caused  by 
pressure  upon  the  recurrent  laryngeal  nerve,  and  by  a  chronic 
catarrhal  process  of  the  laryngotracheal  mucous  membrane,  due 
in  turn  to  the  pressure  and  the  interference  with  the  functions 
of  the  epithelium  through  which  the  membrane  is  kept  free  of 
foreign  substances,  mucus,  etc. 

Dyspnea,  sometimes  termed  "goiter  asthma,**  is  a  common 
and  prominent  symptom  of  goiters  that  have  reached  sufficient 
size  to  compress  either  the  trachea,  and  thus  interfere  directly 
with  respiration,  or  the  blood-vessels  of  the  neck  and  neighbor- 
ing structures,  thus  disturbing  the  circulation  and  the  equable 
return  of  blood  to  the  heart  and  lung;  or  it  may  compress  the 
recurrent  laryngeal  nerve.  The  dyspnea  is  increased  by  tempo- 
rary hyperemia  of  the  goiter  or  hemorrhage  therein,  by  condi- 
tions which  increase  the  demand  of  air,  such  as  exertion,  and 
by  local  catarrhal  inflammation  due  to  the  pressure.  When  the 
trachea  is  markedly  compressed,  traclieal  stridor,  a  loud, 
whistling  sound  may  be  heard  during  both  inspiration  and  ex- 
piration. Paralysis  of  the  vocal  cords  is  frequent  J. 
Matthews"^  found  in  a  laryngoscopic  examination  of  1000  cases, 
before  and  after  removal  of  the  goiter,  289  instances  of  partial 
paralysis  and  272  of  complete  paralysis,  l^ecovery  of  the  vocal 
disability  occurred  only  where  the  paralysis  had  been  of  short 
duration. 

Asphyxia  may  readily  be  produced  in  such  cases  by  sudden 
violent  exertion,  bending  the  head  in  such  a  way  as  to  increase 
pressure  of  the  growth  on  the  trachea,  sudden  pressure  on  the 
growth,  constriction  of  the  neck,  violent  cough ;  hemorrhage  into 
the  goiter,  thus  suddenly  increasing  its  dimensions;  swallowing 
the  wroiig  way,  anger,  by  causing  turgescence  of  the  cervical 
vessels,  etc.    Cyanosis  is  not  necessarily  a  symptom  of  threaten- 

^  MatthewB:    Jour.  Am.  Med.  Assoc.  Sept  3,  1910. 
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ing  asphyxia^  since  it  may  also  occur  when  the  veins  which 
drain  the  head^  neck,  and  arms  are  compressed  by  the  growth. 
The  latter  form  may  occur  irrespective  of  dyspnea ;  it  is  apt  to 
be  especially  marked  during  exertion.  It  affect^  chiefly  the 
cheeks,  lips,  and  tongue,  and  also  the  arms  when  the  innominate 
veins  are  compressed. 

Cardiac  phenomena  are  frequent  in  goiter,  as  previously 
stated.  The  dyspnea  is  often  increased  by  dilatation  of  the 
heart,  due  to  the  interference  with  the  respiration.  The  heart 
should  always  be  examined!  in  these  cases,  since  appropriate 
treatment  is  very  helpful.  Dilatation  of  the  heart  may  also  be 
due  to  pressure  exerted  by  the  goiter  on  the  blood-vessels,  and  to 
the  effects  of  defective  nutrition  incident  upon  the  hypothy- 
roidia  upon  its  muscular  elements. 

Paralysis  of  various  muscles  of  the  arm,  and  numbness  of 
the  fingers,  occasionally  met  with,  are  due  to  pressure  upon  the 
brachial  plexus.  These  symptoms  are  mainly  observed  in  intra- 
thoracic goiter.  Irritability,  nervousness,  restlessness,  and 
other  nervous  phenomena  may  also  be  witnessed  when  hyperthy- 
roidia  is  a  feature  of  the  case.  Insanity  is  more  frequent  in 
goitrous  than  in  normal  individuals. 

Myxedema  may  supervene  when  the  functions  of  the  thy- 
roid have  been  sufficiently  inhibited  by  fibrous  and  other  degen- 
erative changes,  practically  to  arrest  its  functions.  This  compli- 
cation is  seldom  witnessed  until  very  late  in  the  history  of  the 
case,  unless  the  injudicious  use  of  X-rays  has  totally  inhibited 
its  function,  however,  owing  to  the  fact  tliat  a  small  portion  of 
normal  gland  suffices  to  carry  on  its  functions. 

Treatment. — Under  appropriate  treatment,  provided  the 
causative  intoxication  be  removed,  good  results  are  obtained  in 
some  cases  of  degenerative  goiter — exclusive  of  course  of  the 
malignant  types — especially  when  in  young  subjects,  by  the 
measures  indicated  for  the  simple  form.  The  use  of  iodine  re- 
quires, however,  considerable  care  and  should  only  be  resorted 
to  tentatively.  In  some  types,  the  colloid  for  instance,  any  halo- 
gen or  thyroid  may  give  rise  to  untoward  effects,  owing  to  in- 
ability of  the  diseased  gland  to  assimilate  iodine.  Cases  of  long 
standing,  even  though  the  goiter  be  small,  are  those  most  likely 
to  react  unfavorablv  to  this  form  of  treatment.     All  the  other 
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remedial  agents  described — injections  of  boiling  water,  deetri- 
city,  galvanic  or  static ;  the  X-rays,  etc. — may  be  tried.  In  cystic 
goiters  the  aspiration  of  the  contents  of  cysts  can  be  resorted  to 
and  the  redaction  of  growtli  thus  greatly  hastened.  Bemoval  of 
the  causative  intoxication,  whatever  that  be,  is  essential,  how- 
ever, and  sometimes  affords  surprising  results.  Especially  is 
this  the  case  when  the  source  of  intoxication  is  a  focus  of  infee- 
tion,  such  as  chronic  tonsillitis,  or  alimentary  autointoxication, 
etc.,  wliich  can  be  eliminated. 

When  the  various  measures  indicated  in  simple  goiter  have 
been  given  fair  trial  and  no  result  is  obtained,  surgical  measures 
are  indicated. 

SuiiGiCAL  Treatment.* — The  advisability  of  surgical  treat- 
ment in  goiter  dej>ends  not  only  upon  the  t}T)e  of  goiter  present, 
but  upon  the  stage  the  disease  has  attained,  the  results  which 
may  be  expected  or  have  already  been  secured  by  medical  treat- 
ment, the  extent  to  which  operation  might  reduce  thyroid  func- 
tion below  that  required  by  the  organism,  and  various  other 
factors. 

In  simple  goiter  surgical  treatment  is  occasionally  de- 
manded: (1)  owing  to  the  disfigurement,  where  the  swelling 
is  large;  (2)  because  of  sMnptoms  due  to  pressure  on  the  trachea, 
esopliagiis,  larynx,  or  other  structures  in  the  neck  or  upper  part 
of  tlie  thorax;  (3)  when  enlargement  of  the  goiter  is  rapid  and 
a  malignant  nature  is  suspected;  (4)  when  s}Tnptoms  of  hyper- 
thyroidism appear;  (5)  when  infection  of  the  goiter  occurs. 
Many  patients  come  to  the  surgeon  for  cosmetic  reasons  alone. 
The  risk  attending  operation  in  simple  goiter  being  slight, 
radical  treatment,  provided  medical  measures  have  proven  in- 
effeciual,  may  be  looked  upon  with  favor  in  cases  requesting  it, 
— especially  since  a  considerable  projwrtion  of  simple  goiters 
may  subscciuently  undergo  changes  resulting  in  injury  to  the 
heart,  kidneys,  and  liver,  and  possibly  become  cancerous  in  later 
life. 

In  the  presence  of  mechanical  symptoms,  the  patient  is 
again  often  the  best  judge  as  to  the  time  when  the  discomfort 
experienced  is  such  as  to  require  operation.     Pain  due  to  pres- 

*  This  sub-section  has  been  written  b7  the  author's  son,  Dr.  LfOUis  T.  de  M. 
Sajous. 
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sure,  sometimea  occasioned  by  hemorrhage  within  the  gland, 
may  be  the  chief  symptoms  indicating  intervention.  In  the 
various  types  of  non-exophthahnic,  i,e,,  non-toxic  goiter,  includ- 
ing colloid,  parenchymatous,  cystic,  and'  general  adenomatous 
conditions  of  the  gland,  definite  indication  for  operation  is 
afforded  less  by  the  size  than;  by  the  location  of  the  goiter  tis- 
sue. At  times  a  swelling  not  exceeding  a  cherry  in  size  may 
cause  urgent  discomfort,  whilst  in  other  cases  even  a  large  goiter 
occasions  no  distress  other  than  that  of  unsightliness. 

Among  the  advantages  of  operation,  where  a  definite  indi- 
cation for  it  exists,  are  its  effect  in  preserving  residual  healthy 
thyroid  tissue  from  destruction  by  pressure  necrosis  and  the 
frequent  resulting  improvement  in  the  heart  action,  even  simple 
goiter  being  capable  at  times,  we  have  seen,  of  inducing  the  well- 
known  "goiter  heart" — an  effect  usually  attributed,  thougli 
apparently  often  without  justification,  to  pressure  of  the  growth 
on  blood-vessels  in  the  neck. 

Colloid  and  adenomatous  goiters  are,  as  a  rule,  but  slightly 
responsive  to  medical  treatment,  and  where  pressure  symptoms 
exist  should  be  operated,  the  diseased  part  of  the  gland  being 
removed  and  its  better  portions  preserved. 

In  intrathoracic  goiter  with  pressure  s}Tnptom8,  early  in- 
tervention is  indicated.  Such  a  goiter,  extending  from 
either  thyroid  lobe,  two  or  more  inches  beneath  the  sternum 
and  into  the  thorax,  particularly  demands  prompt  operation, 
but  is  sometimes  entirely  overlooked  or  not  detected  until  it  is 
too  late  for  operation. 

The  period  of  life  at  which  a  goiter  appears  has  a  distinct 
bearing  on  the  operative  indications.  In  particular,  in  the 
simple  goiter  met  witli  in  adolescents,  a  somewhat  edematous 
t}'pe  of  colloid  enlargement  of  the  gland,  operation  is  rarely 
indicated,  as  the  goiter  will  often  subside  either  with  or  without 
medical  treatment.  Severe  dyspnea  in  goiter  at  puberty,  how- 
ever, is  an  indication  for  operation  (Legg). 

Most  substantial  goiters,  however,  cause  cough,  hoarseness, 
and  suffocative  attacks  which  lead  eventually  to  their  discovery 
through  percussion  and  X-ray  examination.  Prominent  veins 
extending  from  the  neck  down  on  the  chest  may  also  be  noted. 

Rapid  enlargement  of  the  thyroid  in  the  form  of  an  irregu- 
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lar,  hard  growth  may  occur,  we  have  seen,  because  of  hemor- 
rhage,  in  a  simple  benign  goiter,  but  is  more  generally  indicatiye 
of  carcinomatous  or  sarcomatous  degeneration  of  the  gland. 
Early  operation  is  then  required,  as  will  be  shown  under  the 
succeeding  heading. 

According  to  most  surgeons,  all  goiters  should  be  operated 
on  when  they  are  nodular,  cystic,  or  beginning  to  adhere  to 
neighboring  structures,  especially  in  adults.  Bemoval  of  both 
lobes  of  the  thyroid  is,  however,  not  required  in  innocent  goiters. 
If  both  are  enlarged,  that  which  is  the  larger  and  extends  lower 
and  more  deeply  into  the  neck  is  the  one  to  be  removed.  At 
times  the  lobe  which  is  the  cause  of  the  sjTnptoms,  while  extend- 
ing lower  in  the  neck,  is  the  less  enlarged  of  the  two ;  this  is, 
nevertheless,  the  one  to  be  selected  for  removal.  Where  the 
trachea  is  displaced,  that  lobe  which  is  the  cause  of  the  distortion 
should  be  removed. 

In  diffuse  colloid  and  general  adenomatous  goiter,  the  re- 
moval of  one  lobe  and  of  the  isthmus  is  generally  the  procedure 
of  choice,  thougli  in  some  instances  removal  of  a  portion  of 
each  lobe,  as  advised  and  practised  by  Mikulicz,  is  required. 
After  the  unilateral  operation  the  remaining  lobe  generally 
undergoes  later  a  reduction  in  size.  Since,  moreover,  the  ex- 
tirpated lobe  is  that  which  is  the  most  diseased,  or  exclusively 
diseased,  the  greater  part  of  the  enlargement  can  generally  be 
removed  without  serious  reduction  of  the  properly  functionating 
parenchyma. 

In  rapidly  growing  parenchATuatous  goiter  in  young  in- 
dividuals arterial  ligation  has  been  advised  for  the  purpose  of 
causing  atrophy  of  the  goitei^  tissue. 

Encapsulated  thyroid  tumors  may  be  removed  by  perfora- 
tion of  the  gland  substance  and  enucleation  with  the  finger  or  a 
blunt  instrument.  This  is  generally  the  case  in  the  largest 
substernal  goiters.  Encapsulated  thyroid  adenomata  are  apt  to 
become  cystic.  Enucleation  is,  here  again,  the  procedure  of 
choice,  tapping  or  injection,  which  might  suggest  themselves 
as  simpler  expedients,  being  inadvisable.  Tapping  may,  how- 
ever, be  resorted  to  in  the  course  of  removal  of  a  cystic  substernal 
goiter,  to  facilitate  its  extraction  from  beneath  the  sternum. 
Even  in  freely  movable  goiters,  provided  they  can  be  pushed 
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down  behind  the  Bternum  or  clavicle,  removal  is  considered  ad- 
visable, as  a  prophylactic  measure. 

In  large  adenomata  in  which  there  is  only  a  thin  layer  of 
thyroid  tissue  over  an  extensive  area  of  the  tumor  the  procedure 
known  as  "resection-enucleation*'  may  be  carried  out,  the  por- 
tion of  thyroid  tissue  over  the  tumor  being  left  attached  to  and 
removed  with  it,  and  the  cut  edges  of  the  gland  then  united  with 
sutures. 

Operative  Risks  and  Results. — The  mortality  in  operations 
in  uncomplicated  simple  goiter  is  only  a  fraction  of  1  per  cent. 
The  safest  type  of  all  cases  for  operation  is  that  where  the  tumor 
is  rounded  and  rather  even  in  outline,  i.e.j,  typically  where  it  is 
cystic  in  nature.  Firmness  of  the  thyroid  enlargement  is  a 
favorable  feature,  meaning  that  the  gland  has  a  strong  capsule 
and  that  the  removal  can  be  effected  easily. 

Risk  increases,  on  the  other  hand,  where  the  trachea  has 
been  compressed  for  some  time,  with  resulting  bronchitis, 
emphysema,  poor  oxygenation,  and  impairment  of  cardiac  action. 
The  latter  unfavorable  condition  may  also  be  a  result  of  marked 
interference  with  venous  return  through  pressure  on  large  ves- 
sels at  the  thoracic  inlet,  particularly  if  thrombosis  has  occurred, 
or  of  disorders  such  as  atheroma  of  the  coronary  vessels  or  fatty 
heart.  In  all  these  cases  cyanosis  and  puffiness  of  the  face 
manifestly  more  pronounced  than  would  reasonably  be  expected 
in  view  of  the  size  and  situation  of  the  existing  thvroid  tumor 
are  likely  to  be  met  with. 

The  danger  of  operation  on  the  thyroid  is  also  increased 
when  the  organ  is  in  a  condition  of  diffuse  follicular  colloid 
degeneration,  the  proportion  of  normal  glandular  tissue  being 
greatly  reduced.  These  are  often  large,  nodulated  goiters, 
pressing  on  the  trachea  and  only  slightly  movable.  Vascular 
ligation  followed  by  unilateral  excision  is  the  best  procedure  in 
these  cases  to  minimize  danger. 

According  to  Mayo,  hemorrhage,  either  primary  or  delayed, 
with  the  efforts  made  to  control  it,  constitutes  the  most  impor- 
tant cause  of  death  in  operations  for  adenomatous  goiters. 
Inclusion  of  some  muscle  tissue  in  ligation  of  the  superior  thy- 
roid artery  seems  to  have  been  usually  responsible  for  delayed 
hemorrhage.     Fortunately,  patients  with  adenomatous  goiters 
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nearly  always  can  withstand  serious  hemorrhages.  The  opposite 
is  the  case^  on  the  other  hand^  in  advanced  and  complicated 
cases  of  exophthalmic  goiter.  As  for  the  danger  from  injury  or 
removal  of  the  parathyroids,  care  to  preserve  the  posterior  cap- 
sule, especially  if  in  colloid  goiter,  both  lateral  lobes  of  the 
gland  are  operated  on,  is  the  chief  prophylactic  requirement. 

Other  possible  causes  of  danger  or  death  in  thyroid  surgery 
are  acute  thyroidism,  collapse  of  the  trachea  due  to  absorption 
of  cartilage  through  pressure,  and  such  more  general  conditions 
as  shock,  air  embolism,  hemorrhage,  pneumonia,  infection,  and 
anesthetic  intoxication. 

The  author  of  the  present  work  is  not  of  the  opinion,  how- 
ever, that  the  belief  that  "acute  thyroidism'^  actually  occurs 
when  collapse  follows  thyroidectomy  is  well  grounded.  He 
ascribes  tlie  collapse  to  shook  and  has  saved  life,  where  "thy- 
rotoxicosis" had  been  thought  to  exist  by  the  surgeon,  by  at 
once  resorting  to  h}q)odermoclysis  and  the  simultaneous  injec- 
tion, into  the  rubber  tube  of  the  saline  solution  apparatus,  of 
drop  by  drop  of  20  minims  of  1 :  1000  solution  of  adrenal 
chloride.    Recovery  is  almost  immediate  under  these  conditions. 

Acute  inflammation  of  the  thyroid,  with  or  without  adjoin- 
ing structures,  contraindicatos  thyroidectomy  for  the  time  being, 
incision  and  drainage  being  required  as  in  other  local  infective 
conditions. 

The  useful  results  of  radical  treatment  in  simple  or  malig- 
nant goiters  consist  in  the  removal  of  a  source  of  discomfort, 
physical  deformity,  dyspnea,  hoarseness,  and  frequently  of 
danger  to  the  patient's  life.  In  simple  goiters  with  bilateral 
thyroid  enlargement,  removal  of  one  lobe  and  the  isthmus  will 
generally  be  followed  by  shrinkage  of  the  remaining  lobe.  In 
malignant  tumors  of  the  thyroid,  a  cure,  if  effected,  will  usually 
be  obtained  only  where  the  condition  is  incipient  and  has  not 
been  suspected  before  operation. 

MALIGNANT   GOITER. 

Malignant  goiter  is  found,  as  shown  by  the  records  of  the 
Mayo  clinic  in  less  than  1  j)er  cent,  of  ca^es  of  goiter  subjected 
to  operation,  and  in  4  per  cent,  in  Crile's  cases  (1917).    In  most 
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instances,  it  appears  in  a  simple  goiter  of  long  standing.  Both 
carcinoma  ajid  sarcoma  are  witnessed,  the  latter  being  much 
rarer  tlian  the  former.  Diffuse  malignant  adenoma  of  tiie  thy- 
roid is  a  rare  form  which,  owing  to  its  lobulated  surface,  re- 
sembles simple  colloid.  It  differs  from  the  latter,  however,  in 
recurring  after  removal. 

Malignancy  is  suggested  by  the  occurrence  of  pain  in  a 
pre-existing  goiter,  when  this  symptom  cannot  be  traced  to 
strumitis,  i.e.,  inflammation  of  the  goiter  per  se,  especially  if  the 
cachectic  faeies  is  present. 

The  surrounding  lymph  glands  are  apt  to  be  involved  early. 
Metastases  seem  to  show  a  predilection  for  the  osseous  system, 
but  the  morbid  process  tends  gradually  to  involve  neighboring 
organs,  including  the  trachea  and  esophagus  and  to  entail  per- 
foration of  these  structures.  Suggestive  of  cancer,  in  addition 
to  those  due  to  pressure  by  a  sufficiently  enlarged  or  nodular 
gland,  are  radiating  pain,  hemoptysis  or  hemorrhage,  traceable 
to  congested  pharyngeal  vessels  or  tracheal  or  esophageal  ulcera- 
tion, or  both,  where  there  is  a  tracheo-esophageal  fistula,  and 
the  regurgitation  or  expectoration  of  pus  and  detritus.  Sar- 
coma may  present  itself  as  a  smooth  tumor,  while  a  carcinoma- 
tous goiter  is  usually  nodular. 

Treatment. — Early  operation  is  indicated  in  thyroid  can- 
cer, the  whole  gland  being  removed,  but  respecting  the  capsule 
whenever  i>ossible.  In  late  malignant  disease  of  the  thyroid 
with  lymphatic  involvement,  operation  except  for  the  relief  of 
pressure  symptoms  is  hardly  to  be  recommended,  as  tlie  develop- 
ment of  the  tumor  mav  be  hastened  therebv.  The  immediate 
results  are  likely  to  be  good,  but  recurrence  is  almost  certain. 

Goitrous  accessory  glands,  especially  those  lying  between 
the  trachea  and  esophagus  or  behind  the  esophagus,  may 
Ixjcome  the  seat  of  malignant  tumors  and  cause  correspondingly 
grave  pressure  symptoms.  Others  lying  between  the  hyoid  bone 
and  aortic  arch,  and  which  resemble  lymph-glands,  may  also  be 
the  seat  of  goitrous  development,  occasionally  malignant. 

Enlarged  accessory  thyroid  bodies  can  be  identified  only 
with  difficulty  if  the  enlargement  corres|>onds,  as  to  location, 
with  one  of  the  thyroid.     As  a  rule,  however,  their  abnormal 

ft. 

location  suggests  the  presence  of  accessory-gland  goiters. 
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CONGENITAL   GOITER,   OR  GOITER   IN   THE   NEWBORN. 

Contrary  to  the  prevailing  opinion,  this  form  of  ^iter  is  not 
infrequent  and  is  often  fatal,  owing  to  pressure  on  the  trachea, 
nerves,  and  blood-vessels  of  the  cervical  area.  According  to 
Gonnet,**  Demme,  in  642  cases  of  goiter,  found  37  in  the  new- 
bom  and  59  in  infants  from  2  to  12  months  of  life.  Diethlin, 
in  2292  cases  of  goiter,  observed  the  condition  in  25  cases 
during  the  first  year.  Richard  found  43  cases  of  really  con- 
genital goiters.    Th6venot  reported  130  cases. 

In  some  infants  the  goiter  is  purely  congestive,  owing,  prob- 
ably, as  occurs  during  parturition,  to  pressure  upon  the  infant's 
neck,  especially  in  face  presentations  and  when  forceps  are  used. 
It  may  also  be  due  to  persistence  of  the  fetal  circulation,  but 
in  most  instances  is  of  the  parencluTnatous  type  and  is  inherited. 
Gonnet,  summarizing  the  cases  reported  by  Demme,  Richard  and 
his  own  in  this  connection,  states  that  out  of  113  instances  of 
congenital  goiter  67  were  in  infants  whose  parents  were 
goitrous.  In  6  cases  reported  by  Mooncy®*  the  mothers  were  all 
goitrous.  This  is  readily  accounted  for  by  the  fact  that  the 
same  toxic  influence  which  caused  goiter  in  the  parent  also 
caused  it  in  the  offspring.  In  some  infants  the  goiter  encircles 
the  traclioa  sufficiently  to  compress  it  and  interfere  with  respira- 
tion, constituting  a  true  const rielive  goiter.  It  may  also  in- 
clude the  esophagus,  in  its  grasj),  insinuating  itself  behind  it, 
even  thou^^h  appearing  but  slightly  or  not  at  all  externally. 

Symptoms. — In  a  goitrous  infant  death  may  occur  almost 
inmiediately  after  a  few  efforts  at  respiration.  Many  -are  born 
prematurely,  or  are  stillborn.  Or,  the  infant  shows  signs  of 
asthma,  reaching  in  some  instances  to  intense  dyspnea  with 
cyanosis,  the  child's  cry  being  shrill  or  rasping.  Death  may 
occur  suddenly  immediately  after  the  cord  is  ligated.  When  the 
goiter  is  due  to  simple  congestion  of  the  thyroid  from  com- 
pression or  any  other  cause  during  parturition,  or  to  screaming 
or  writhing,  it  may  disa])pear  within  twenty-four  hours,  never 
to  recur  in  some  cases;  more  frequently,  however,  it  reappears 
intermittently.     Dysphagia  due  to  pressure  upon  the  esophagus 

••Gonnet:     Revue  Mens,   de  Gynecol,   d.   Obst.   et  de  P6d.:   Surg.   Gyn.   and 
Obstet.,  Oct..  1909. 

••Mooney:    Archives  of  Pediatrics,  Dec,  1910. 
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is  not  infrequent^  the  infant,  in  some  instances,  refusing  to 
nurse. 

The  clinical  signs,  with  the  exception,  perhaps,  of  a  slight 
swelling  of  the  front  of  the  neck,  ma}r  not  appear  until  several 
weeks  or  more  after  birth.  The  goiter  may  sometimes  be  felt, 
but  in  most  instances  it  is  quite  small,  and  only  discernible 
when  the  head  is  thrown  back  to  stretch  the  neck,  or  during 
deglutition.  In  130  cases  in  literature  Fable  and  Thevenot 
found  that  the  symptoms  described  were  practically  those 
observed  in  adults. 

When  the  goiter  is  due  to  congestion  from  pressure,  which 
may  be  suspected  after  face  presentation  or  forceps  cases,  the 
prognosis  is  good,  particularly  if  measures  calculated  to  sus- 
tain oxygenation  are  resorted  to.  In  true  congenital  goiter 
prompt  surgical  procedures  will  alone  save  life  when  the  growth 
is  of  sufficient  size  to  cause  pressure  symptoms. 

Treatment. — The  main  indication  is  to  restore  respiration 
a^d  sustain  it.  The  various  forms  of  artificial  respiration  with 
oxygen  inhalations  are  very  helpful.  If,  notwithstanding  efforts 
in  this  direction,  dyspnea  recurs  and  persists,  section  of  the 
isthmus,  or  exothyropexy,  should  be  performed.  The  relief  is 
immediate.  The  operation  also  leads  to  retrogression  of  the 
goiter. 

Tracheotomy  should  never  be  resorted  to,  as  it  is  often 
followed  by  bronchopneumonia,  hemorrhage,  or  other  complica- 
tions.    Intubation   has   been    recommended  by   some   authors. 

In  the  congestive  type  cold  compresses  to  the  neck  and 
warm  foot-baths  or  hot  baths  tend  greatly  to  reduce  the  swelling 
of  the  gland.  In  parenchimatous  goiter  which  does  not  threaten 
life  thyroid  gland,  2  grains  (0.13  Gm.)  twice  daily,  adminis- 
tered to  the  nursing  mother,  causes  gradual  disappearance  of  the 
goiter  in  both  mother  and  child  in  some  instances.  Sodium 
iodide,  5  grains  (0.3  Gm.)  tliree  times  daily,  may  be  given 
instead  if  thyroid  cannot  be  taken.  A  weak  iodine  ointment, 
rubbed  gently  into  the  goiter  daily,  avoiding  cutaneous  irrita- 
tion, is  also  helpful.    The  tincture  of  iodine  should  not  be  used. 

Pregnant  women  with  goiter  should  be  treated  in  the  same 
way  to  arrest  the  possible  development  of  a  goiter  in  their 
offspring,  and  to  prevent  complications. 
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STRUMITIS,   OR   INFLAMMATION  OF  A  GOITER. 

Inflammatiou  of  a  goiter  may  be  caused  by  the  invasioil 
of  bacteria  and  their  toxins,  brought  to  the  goiter  by  the  cir- 
culating blood  in  the  course  of  various  infections,  particularly 
those  which  are  seemingly  benign:  tonsillitis,  laryngitis,  broa- 
chitis,  and  ulcerative  nasal  disorders,  enteritis,  etc.;  though, 
as  in  acute  thyroiditis,  the  more  serious  disorders — ^typhoid  fever, 
diphtheria,  lobar  pneumonia,  polyarthritis,  puerperal  sepsis, 
bacillar}'  and  amebic  dysentery,  Asiatic  cholera,  and  other  infec- 
tions— may  likewise  provoke  it,  chiefly  toward  their  close. 
Pathogenic  bacteria  seem  to  have  an  affinity  for  cysts  and  degen- 
erated nodules.  Traumatisms,  punctures,  even  such  as  are  prac- 
tised when  therapeutic  agents  are  injected  into  a  goiter,  may 
also  cause  strumitis.  It  has  also  been  ascribed  to  poisons,  con- 
stituting the  form  known  as  **toxic  strumitis.^' 

Symptoms. — Strumitis  usually  begins  by  a  sensation  of  dis- 
comfort in  tlie  mass  and  a  chill,  soon  followed  by  local  pain,  and 
marked  sensitiveness  to  pressure.  Then  appear  fever,  headache, 
and  the  most  distressing  symptom  of  strumitis :  dyspnea,  some- 
times threatening  asphyxia.  This  is  due  to  pressure  of  the 
swollen  goiter  upon  the  trachea,  or  to  impaction  of  the  mass 
between  tlie  sternum  and  tlie  trachea,  complicated  often  with 
edema  of  the  larynx. 

Dyspliagia  may  also  be  marked  and  painful,  each  bolus  in 
pasvsing  along  the  esophagus  exerting  pressure  upon  the  in- 
flamed gland.  Eadialing  pains  in  the  neighboring  structures  up 
to  the  occiput  or  down  the  arms,  owing  to  pressure  of  the  in- 
flamed growth  on  nerves,  is  sometimes  complained  of.  Hoarse- 
ness is  frequent  from  the  same  cause,  or  as  a  result  of  glottic 
edema.  If  no  pus  be  present,  the  inflammation  tends  promptly 
to  subside. 

When  suppuration  occurs  the  fever  may  assume  the  hectic 
type,  with  exacerbations  and  severe  malaise  and  prostration. 
When  this  occurs  in  connection  with  a  general  infection,  the 
prognosis  of  the  latter  may  be  markedly  aggravated. 

The  inflamed  goiter  may  become  elastic  and  fluctuate  if  the 
abscess  is  large,  which  is  often  the  case  in  strumitis.  It  may 
rupture  into  the  surrounding  tissues,  open;  into  the  trachea. 
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esophagus,  the  larger  vessels,  or,  again,  burrow  down  into  the 
mediastinum,  the  lungs,  pleura,  etc.,  with  its  attendant  dangers, 
or  upward  along  the  sheaths  of  the  great  cervical  vessels.  It 
may,  however,  open  externally,  to  the  great  relief  of  the  patient. 
Occasionally  a  small  abscess  is  absorbed. 

The  only  condition  with  which  the  strumitis  may  be  con- 
fused is  malignant  growth,  when  softening,  suppuration,  and 
cachexia  are  prolonged.  The  course  of  cancer  is  not  as  rapid, 
however,  and  cultures  and  examination  of  fragments  of  the 
growth  will  usually  establish  the  identity  of  the  condition 
present. 

Prognosis. — I'he  progress  of  the  morbid  process  is  gov- 
erned by  the  intensity  of  the  infection.  Suppuration  invariably 
prolongs  tlie  case,  but  if  the  abscess  can  be  reached  and  evacuated 
the  acute  symptoms  promptly  subside. 

A  persistent  abscess  or  a  collection  of  them  entail  the  dan- 
gerous phenomena  enumerated  above,  which  may  cause  death. 
Surgical  measures,  therefore,  are  indicated  to  save  life. 

Treatment. — The  treatment  is  precisely  the  same  as  that 
recommended  for  acute  thyroiditis,  viz.,  cold  compresses  locally, 
and  saline  solution  by  the  mouth  or  rectally  to  reduce  the  vis- 
cidity of  the  blood  coursing  tlirough  the  organ.  Chloral  hydrate 
or  veratrum  viride  used  with  care  is  advantageous  to  reduce  the 
congestion  of  the  organ,  the  former  also  acting  as  an  analgesic 
by  favoring  sleep. 

If  symptoms  indicating  suppuration  occur,  the  abscess  if 
single,  which  is  more  frequently  the  ea**ie  in  strumitis  than  in 
acute  thyroiditis,  should  be  carefully  located  and  evacuated. 
Kocher  advocates  excision  of  the  goiter  in  such  patients,  if  the 
surrounding  tissues  are  not  involved  in  the  suppurative  process. 
The  operation  should  be  preceded  by  an  exploratory  puncture 
and  examination  of  the  fluid,  pus,  etc.,  contained  in  the  organ 
to  ascertain  that  tlie  bacteria  therein,  particularly  the  colon 
bacillus  or  the  staphylococcus  albus,  are  non-virulent.  The  pus 
should  first  be  removed  by  aspiration  and  an  antiseptic  solution 
injected  into  the  cavity.  When  the  abscess  has  extended  to  the 
surrounding  tissues,  the  sphacelous  areas  should  be  opened  with 
the  galvanocautery  and  the  pus  evacuated,  but  excision  of  the 
goiter  would  not  be  a  safe  procedure.    The  evacuation  of  the 
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abscess  should  be  done  with  due  care^  and  the  cavity  washed  out 
to  remove  all  pus,  rather  than  cleared  with  the  curette  or  with 
the  finger,  which  may  provoke  dangerous  hemorrhage,  as  in  a 
case  observed  by  Bonney. 


CHAPTER  VI. 

THE  THYEOID,  THYMUS,  PITTHTARY,  AND 
ADRENALS  IN  MENTAL  DEFICIENCY. 

IDIOCY    AND    MENTAL   BACKWARDNESS  IN  CHILDREN. 

In  treating  this  general  subject,  it  will  be  necessary  to  refer 
briefly  to  a  function  of  the  adrenals  which  I  first  pointed  out  in 
1903  and  describe  elsewhere  in  this  work.  I  shall  urge 
that  the  nerve-cell,  i.e,j  the  neuron,  should  be  regarded  as  an 
organ  through  which  circulates,  as  elsewhere  in  the  body,  the 
albuminous  constituent  of  the  hemoglobin  which  I  have  identi- 
fied as  the  adrenal  secretion  converted  in  the  lungs  into  an 
oxidizing  substance  (adrenoxidase).  This  will  be  shown  to  react 
throughout  the  cell,  with  its  phosphorus-laden  myelin  (supplied 
in  turn  with  its  nucleins  by  the  thymus,  as  we  shall  see),  the 
reaction  leading  to  the  production  of  nerve-energy.  This  energy, 
in  turn,  being  the  sine  qua  non  of  the  functional  activity  of  the 
neuron  in  so  far  as  its  efficiency  as  the  organ  of  mind  in  the  cor- 
tex is  concerned,  all  conditions  capable  of  interfering  with  the  de- 
velopment of  this  energ)'  through  deficient  activity  of  the  duct- 
less glands,  or  with  the  structure  or  functional  efficiency  of  the 
neuron,  will  be  introduced  as  so  many  factors  capable  of  engen- 
dering mental  deficiency. 

The  ductless  glands  being  thus  regarded  prominent  factors 
in  the  development  of  the  brain  and  the  maintenance  of  its 
psychic  functions,  it  follows  that  toxemias,  whether  occurring 
in  utero  or  after  birth,  especially  those  caused  by  certain  in- 
fectious diseases  of  childhood,  should,  by  provoking  organic 
lesions,  such  as  interstitial  hemorrhage  and  its  resulting  fibrosis 
and  atrophy,  or  by  exhausting  tlie  organs,  render  them  incapable 
of  carrying  on  that  nutritional  function  of  the  brain-cells  and 
thus  engender  a  corresponding  degree  of  mental  deficiency. 

These  two  essential  factors,  added  to  those  that  have  pre- 
viously been  established  by  the  labors  of  others,  seem  to  me  to 
place  the  whole  field  of  idiocy  upon  a  more  rational  plane  than 
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it  has  occupied  heretofore.  To  make  this  clear^  the  pathogenesis 
of  each  form  of  idiocy  treated  will  be  considered  in  its  relation- 
ship with  the  ductless  glands.  We  shall  see  that  this  course  will 
elucidate  many  mooted  points  and  make  it  possible  to  identify 
clearly  the  stigmata  of  each  gland  involved  in  the  morbid  process 
as  a  causal  agent,  and  therefore  to  point  to  the  organic  product 
or  products  indicated  in  each  of  the  types  of  idiocy  considered, 

THE   THYROID   APPARATUS   IN   MENTAL  DEFICIENCY, 

Cretinism,  or  infantile  myxedema,  was  treated  in  full  in  the 
preceding  chapter.  This  type  of  defective  may  be  said  to  rep- 
resent the  characteristic  form  of  thyroid  idiocy,  since,  in  bona 
fide  cases  that  have  not  progressed  too  far,  the  disease  yields  to 
thyroid  gland.  Under  the  headings  of  Hypothyroidia  and 
Myxedematous  Infantilism  we  also  reviewed  larval  and  aber- 
rant types  of  deficiency  in  which  the  thyroid  apparatus  plays 
the  essential  part.  These  disorders  belong  also  to  the  class  in 
which  the  thyroid  gland  is  functionally  deficient,  the  other 
ductless  glands  being  also  inadequate,  but  less  so  and  only  as  a 
result  of  the  primary  thyroid  deficiency,  precisely  as  is  the 
case  in  cretinism.  There  are  types  of  idiocy,  however,  in  which 
thyroid  deficiency  is  either  a  concomitant  or  a  result  of  deficient 
activity  of  other  organs,  and  in  which  it  is  important  to  identify 
the  stigmata  which  point  to  participation  of  both  the  thyroid 
and  parathyroids  in  the  morbid  process.  These  thyroid  stig- 
mata will  now  be  rehearsed  in  outline,  however,  to  facilitate 
their  recognition  and  tlie  manner  in  which  those  other  ductless 
glands  merge  with  those  illustrated. 

Stigmata  of  Deficient  Thyroid  Activity. — As  we  have 
seen  in  the  preceding  chapter,  hypothyroidia  is  the  symptom- 
complex  of  thyroid  deficiency.  It  seldom  appears  before  the 
first  year,  especially  in  breast-fed  infant^,  because  they  receive, 
through  the  maternal  milk,  enough  thyroid  secretion  to  compen- 
sate for  any  deficiency  that  their  own  gland  may  have  acquired 
ill  utero  or  in  the  course  of  delivery.  The  earlier  signs  of  hypo- 
thyroidia in  infants  are,  in  most  instances,  an  unusual  thickness 
of  the  neck,  which  may  then  lose  its  regular  outline  by  swellings 
or  pads  due  to  localized  myxedematous  infiltrations.  These 
pads  may  also  be  met  in  older  children  and  adults.    They  fre- 
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quently  extend  to  the  supraclavicular  spaces  and  sometimes  the 
axillae.  Obesity  is  suggestive  when  the  skin  is  "pasty"  or  wax- 
like and  dense, — a  characteristic  of  myxedematous  infiltration. 
The  lips  may  be  thfckened  and  the  lids  and  circumorbital  tis- 
sues likewise,  the  eyes  sometimes  appearing  unusually  small. 
There  is  more  or  less  delay,  according  to  the  severity  of  the  case, 
in  learning  to  speak  and  walk.  The  skin  if  tliickened  may  be- 
come dry  and  scaly  and  the  hair  dry,  coarse,  and'  brittle,  but 
only  in  cases  in  which  the  hyperthyroidia  is  marked.  The 
nose  may  also  remain  squatty  in  sucH  cases,  and  the  child 
appear  aged,  i.e.,  yellowish  and  wrinkled.  Tlie  hearing  and  eye- 
sight may  be  defective  and  the  voice  husky.  The  teeth  are,  as 
a  rule,  irregular  and  tend  to  decay  early.  The  nails  are  short, 
thin,  streaked,  and  brittle,  and  the  hands  broad  and  spade-like. 
The  temperature  is  often  subnormal  and  the  extremities  cold. 
The  legB  arc  unusually  short  and  more  or  less  bowed,  while 
the  general  musculature  is  weak, — a  fact  which  accounts  for  the 
constipation.  Menstruation  is  frequently  scant;  in  some  cases, 
however,  it  is  prolonged  beyond  the  normal  limits.  In  such 
cases  metrorrhagia,  epistaxis,  and  bleeding  at  the  gums  may  also 
be  witnessed. 

Can  all  tliese  symptoms  be  attributed  to  the  thyroid  only? 
While  all  of  them  may  be  ol)served  in  hypothyroid ia,  several 
bear  the  imprint  of  stigmata  belonging  to  other  ductless  glands. 
Thus,  as  we  shall  see  under  their  corresponding  headings  in  the 
present  chapter,  the  osseous  defonnities  belong  to  the  sphere  of 
the  thymus,  while  the  muscular  disorders,  which  include  the 
intestinal,  menstrual,  and  vascular  atony,  belong  to  that  of  the 
adrenals.  As  previously  stated,  however,  they  are  secondary  to 
the  thyroid  insutlkiency,  the  secretion  of  this  organ  being  a  fac- 
tor, as  hormone,  of  the  functional  efficiency  of  the  other  glands, 
particularly  in  so  far  as  their  effects  in  tissues  at  large  are 
concerned. 

The  stigmata  of  other  ductless  glands  being  isolated,  we 
have  left  as  belonging  strictly  to  the  domain  of  tlie  thyroid : — 

1.  The  subnormal  temperature,  cold  extremities  due  to 
defective  oxidation  and  metabolism,  the  thyroid  collaborating 
actively  with  the  adrenals  and  thymus  (before  puberty  only  as  to 
the  latter  gland)  in  sustaining  this  process. 
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it  has  occupied  heretofore.  To  make  this  clear,  the  pathogenesis 
of  each  form  of  idiocy  treated  will  be  considered  in  its  relatioii- 
ship  with  the  ductless  glands.  We  shall  see  that  this  course  wil" 
elucidate  many  mooted  points  and  make  it  possible  to  identif, 
clearly  the  stigmata  of  each  gland  involved  in  the  morbid  proce^ 
as  a  causal  agent,  and  therefore  to  point  to  the  organic  produ* 
or  products  indicated  in  each  of  tlie  types  of  idiocy  considered. 

THE   THYROID  APPARATUS   IN  MENTAL  DEFICIENCY. 

Cretinism,  or  infantile  mvxcdema,  was  treated  in  full  in  1 
preceding  cliapter.    This  type  of  defective  may  be  said  to  r- 
resent  the  characteristic  form  of  thvroid  idiocv,  since,  in  If 
fide  cases  that  have  not  progressed  too  far,  the  disease  yield  > 
thyroid   gland.      Under   the   headings   of    Hypothyroidia    . 
Myxedematous  Infantilism  we  also  reviewed  larval  and  n' 
rant  tyj)es  of  deficiency  in  which  the  thyroid  apparatus  y 
the  essential  part.     These  disorders  belong  also  to  the  cla> 
which   the  thyroid   gland   is  functionally   deficient,   fhe   «. 
ductless  glands  being  also  inadequate,  but  less  so  and  only 
result  of  the  primary  thyroid  deficiency,  precisely  as   i> 
case  in  cretinism.    Tlierc  are  types  of  idiocy,  however,  in  '. 
thyroid  deficiency  is  cither  a  concomitant  or  a  result  of  del 
activity  of  other  organs,  and  in  which  it  is  important  to  iv. 
the  stigmata  whidi  point  to  participation  of  both  the  t 
and  parathyroids  in  the  morbid  process.     These  thyroi* 
mata  will  now  be  rehearsed  in  outline,  however,  to  fa* 
their  recognition  and  the  manner  in  which  those  other  i.i 
glands  merge  with  those  illustrated. 

Stigmata  of  Deficient  Tiiyuoid  Activity. — ^As  ^ 
seen  in  the  preceding  chapter,  hypothyroidia  is  the  sy 
complex  of  thyroid  deficiency.     It  seldom  appears  be* 
first  year,  especially  in  breast-fed  infants,  because  they 
through  the  maternal  milk,  enough  thyroid  secretion  to 
sate  for  any  deficiency  that  their  own  gland  may  have 
in  utero  or  in  the  course  of  delivery.    The  earlier  signf 
thyroidia  in  infants  are,  in  most  instances,  an  unusual 
of  the  neck,  which  may  then  lose  its  regular  outline  bv 
or  pads  due  to   localized   myxedeniatons   infiltrations 
pads  may  also  be  met  in  older  children  and  adults. 
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The  B}iidrome^  in  so  far  as  the  effects  on  the  osseous 
system  are  concerned^  recalls  plainly  that  of  rickets.  The  bones 
become  soft  and  pliable^  sufficiently  so  in  some  instances  to  cause 
them  to  yield,  provoking  various  deformities,  while  the  liga- 
ments are  elongated.  The  bones  may  be  cut  readily  with  scis- 
sors, in  fact,  until  the  cachectic  period  8uper\'ene8;  flexibility 
then  gives  way  to  fragility  and  friability,  the  bones  becoming 
very  brittle.  The  bony  tissue,  we  know,  is  deficient  in  lime 
salts.  Osteomalacia  is  also  characterized  by  softening  of  the 
bones  in  adults  and  occurs  most  frequently  in  nursing  women. 

These  phenopiena  indicate  clearly  that  thymectomy,  rickets, 
osteomalacia,  and  other  osseous  disorders  are  all  due  to  some 
impairment  in  the  use  of  lime  by  the  bones.  Indeed,  while 
we  know  that  in  the  diseases  mentioned  there  is  a  reduction 
of  calcium  in  the  osseous  system  at  large,  Bracci  (1905)  found 
that  thvniectomv  caused  a  similar  condition  in  the  latter  and 
in  all  tissues.  Yet  we  are  brought  to  realize  that  the  morbid 
process  must  be  due  to  deficient  tise  of  calcium  by  the  structures, 
for  Basch  found  that  thyineotomized  animals  excreted  calcium 
in  considerable  excess.  That  this  is  all  due  to  the  absence  of 
thvmic  influence  was  well  sliown  by  Sommer  and  Floecken  in 

ml  »' 

1908,  who  found  that  the  successful  implantation  of  th}Tnu8  in 
thymectoniizod  animals  caused  resumption  of  skeletal  growth. 

Inadequate  assimilation  of  calcium  by  the  bones  being  self- 
evident,  we  are  normally  brouglit,  knowing  the  cardinal  role 
of  calcium  j>bospliate  in  the  composition  of  bone,  to  look  upon 
defective  formation  of  this  salt  as  the  key  to  the  morbid  process. 
WJiat  is  the  nature  of  the  relationship  between  the  element 
linked  to  calcium,  i.e,,  phosphorus,  and  thymectomy?  It  is  in 
this  connection  that  light  begins  to  appear. 

A  striking  feature  of  thymic  chemistry  is  the  wealth  of 
the  parenchyma  in  nucleinates,  its  lymphoid  cells,  according  to 
Chittenden,-  containing  a  nucleoproteid  ricli  in  phosphorus,  Le,, 
3.5  per  cent.  Hinskamp^  also  found  that  nucleohiston,  which 
contains  3.7  per  cent,  of  phosphorus,  was  the  most  abundant 
proteid  in  the  thymus. 

This  wealth   in  phosphorus  recalls   another  clinical   phe- 

'  Chittenden:     Boston  Med.  and  Surg.  Journal,  Aug.  20.  1896. 
*HiD8kamp:    Zeitschr.  fUr  physiol.  Chemie.  1901. 
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nomenon  connected  with  the  functions  of  the  thymus^  viz.,  the 
all-important  influence  which  this  organ  seems  to  possess  in 
the  production  of  idiocy.  At  Bicetre  Hospital,  according  to 
Morel/  75  per  cent,  of  408  non-myxedematous  idiotic  children, 
ranging  from  1  to  5  years  old,  examined  post  mortem  from  1890 
to  1903,  showed  absence  of  the  thymus.  At  the  request  of 
Boumeville,  Katz*  performed  autopsies  in  61  mentally  normal 
children,  in  age  from  1  month  to  13  years,  who  had  died  of  vari- 
ous diseases.  In  all  of  these  the  thymus  was  present  conversely 
in  28  mentally  weak  children  examined  post  mortem  by  Boume- 
ville, the  thymus  was  absent. 

These  observations  correspond  with  the  results  of  complete 
thymectomy.  Basch,  Klose  and  Vogt,  Morel  and  others  observed 
mental  disorders  in  puppies  the  fifth  or  sixth  month  after  re- 
moval of  the  organ.  The  animals  appeared  idiotic  and  crushed, 
slow  in  hearing  the  voice  or  in  understanding  threatening  ges- 
tures, or  in  recognizing  their  sleeping  place  or  even  their  food. 
They  showed  great  voracity,  ate  anything — cork,  wood,  cotton, 
etc. — and  even  gnawed  their  own  tissues,  their  paws,  penis,  etc. 
All  discerning  power  denoting  intelligence  seemed  in  abeyance. 
Concomitantly,  both  in  idiotic  children  and  lower  animals, 
owing  to  absence  of  thymus,  bony  deformities  such  as  those  pre- 
viously mentioned  were  frequently  observed.  That  phosphorus  in 
a  fundamental  constituent  of  brain-cells,  as  well  as  of  osseous 
tissue,  need  hardly  be  emphasized. 

We  are  thus  dealing  with  an  organ  which,  while  itself 
capable  of  supplying  nucleins  rich  in  phosphorus,  is  clearly  con- 
nected pathogen ically  when  its  functions  are  inliibited  with  dis- 
orders due  to  lack  of  phosphorus,  such  as  rickets,  retarded 
growth,  idiocy,  etc.  The  conclusion  that  the  nucleins  represent 
the  connecting  link  between  the  gland  and  the  tissues  is  self- 
evident. 

Infantile  marasmus  has  also  been  attributed  to  impaired 
activity  of  the  thymus.  In  18  cases  of  this  disorder  reported  by 
Ruhrah®  this  organ  was  the  only  one  which  showed  lesions. 
R.  L.  Thompson^  also  found  marked  th}Tnic  atrophy  in  20  cases 


«  Morel:     Paris  medical.  Jan.  17.  1914. 
»Katz:     Le  Progrfts  medical,  June  23,  1900. 
•Ruhr&h:     British  Medical  Journal.  Aug.  29.  1893. 
'Tbompson:    American  Jour,  of  the  Med.  Sciences,  Oct..  1907> 
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of  marasmus  in  infants  under  1  year  old.  Atrophy  of  the 
thymus  is  regarded  by  Dudgeon"  as  the  most  characteristic 
feature  of  the  disease,  a  view  concurred  in  by  Rohrer,  Bovaird^ 
Nicoll,  Warthin,  Rachford^  and  others.  Friedleben  urged,  as 
far  back  as  1858,  in  fact  that  'Hhe  size  and  condition  of  the 
thymus  is  an  index  to  the  state  of  nutrition  of  the  body/' 
Prom  my  viewpoint,  however,  this  is  a  result  of  the  marasmic 
state  rather  than  a  cause,  since  we  know  that  starvation  causes 
atrophy  or  contraction  rather  tlian  enlargement  of  the  gland. 
The  rapidity  with  which  some  cases  of  marasmus  recover  when 
given  proper  diet,  the  breast,  etc.,  also  shows  that  the  functions 
of  the  organ  cannot  have  occurred  by  organic  degeneration. 

As  to  the  manner  in  which  the  thymic  nucleins  are  fur- 
nished to  the  tissues,  the  older  view  that  the  thymus  supplies  the 
body  a  true  internal  secretion  is  no  longer  believed,  all  the 
methods  used  in  the  study  of  other  glands  such  as  the  thyroid, 
the  adrenals,  etc.,  having  failed  to  sustain  it.  The  slight  effect 
on  the  blood-pressure  noted  does  not  militate  against  this  view; 
nor  do  even  the  beneficial  effects  obtained  in  various  disorders 
due  to  deficiency  or  absence  of  thymic  activity,  from  the  ex- 
pressed juice,  extracts,  or  other  preparations  of  the  organ,  since 
they  all  contain  the  characteristic  nucleins.  The  bulk  of  evidence 
available  points  to  another  mode  of  transmission  viz.,  through 
the  agenqf  of  It/mphoq/tes  which  develop  in  the  thymus.  What 
evidence  have  we  to  this  effect? 

The  thymus  is  composed,  as  is  well  known,  of  lobules  var3ring 
in  size  from  tliat  of  millet  seed  to  that  of  a  small  pea.  Each 
lobule  in  turn  is  subdivided  into  small  follicles  (varying  from  1 
to  2  mm.)  which  constitute  the  functional  structure  of  the  gland. 
An  important  feature  in  the  present  connection  is  that  each  fol- 
licle is  composed  of  two  portions,  the  medullary  and  cortical.  In 
the  former,  mainly  composed  of  coarse  reticulum,  the  cells,  in- 
cluding the  Hassall  corpuscles,  are  relatively  few.  The  impor- 
tant portion  of  the  follicle  in  the  present  connection  is  its 
external  or  cortical  portion. 

The  bulk  of  evidence  at  the  present  time  (1916)  favors 
the  view  of  St()hr,  Weidenroich*  and  others,  that  tlie  cortical  por- 

•  Dudgeon:    Jour,  of  Path,  and  Bact,  vol.  x,  p.  173,  1906. 

*  Weidenrelch:    Mttnchener  med.  WocheoBchrift,  Not.  26,  1912. 
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tion  of  the  thymic  follicle  is  of  epithelial  origin  and  the  source 
of  lymphocytes,  %,e.,  small  leucocytes  containing  a  round  nucleus 
which  fills  them  almost  completely.  The  earliest  evidence  that 
these  cells  are  formed  in  the  organ  appears  in  the  course  of  the 
third  fetal  month,  when  there  appear  numerous  readily  stained 
nuclei  in  the  small  thymic  cells.  The  histological  studies  of 
Flemming,  Prenant,  and  others  have  shown  that  these  small 
cells  multiply  by  karyokinesis  in  the  most  peripheral  part  of  the 
cortical  portion  and  ultimately  become  lymphocytes.  In  certain 
lower  forms — Teleostei,  for  instance — the  process  of  development 
of  these  cells  may  readily  be  traced,  as  shown  by  Maximow  in 
1912  and  Fulci  in  1913.^^  The  thymus  contains  other  cellular 
elements,  but,  as  recently  emphasized  by  Dustin,^*  these  struc- 
tures, the  myoid,  epithelioid,  and  granular  cells,  and  also  the 
Hassall  corpuscles,  are  non-typical,  inconstant,  and  auxiliary  as 
to  function.  The  only  cellular  elements  which  are  constantly 
present  in  the  thymus  are  the  characteristic  small  "thymic 
cells^'  which  become  the  lymphocytes. 

Modem  researches  are  believed,  by  most  writers,  to  show 
that  the  older  view  of  Kolliker  based  on  histological  studies,  and 
more  recently  revamped  by  Beard,  to  the  effect  that  the  thymus 
was  the  original  source  of  lymphocytes  and  leucocytes  which, 
according  to  these  investigators,  arose  from  the  thymic  epithelial 
cells,  was  erroneous.  In  the  light  of  my  own  views  the  only 
flaw  in  tlie  teaeliing  of  Kolliker  and  Beard  is  that  they  attributed 
to  the  thymus  the  power  of  generating  all  leucocytes. 

The  evidence  submitted  and  much  that  could  be  added 
warrant  only  the  conclusion  that  the  thymus  contributes  l}Tnpho- 
cytes  to  the  general  asset.  This  is  shown  by  the  fact  that,  in 
conditions  in  wliich  lymphocytosis  of  thymic  origin  is  met  by 
thymectomy,  all  lyni})hocytes  do  not  disappear  from  the  blood, 
the  proiKjition  of  tliese  cells  falling  to  normal.  Or  the  per- 
centage may  decline  to  a  certain  figure;  in  a  case  reported  by 
Schumacher  and  Koth/'-'  for  example,  the  lymphocytosis  of  a 
case  of  Graves's  disease  went  down  gradually  after  the  operation 


»«Fulcl:     Dcutsrhe  mod.   Wochenschrlft.   Sept.   11,  1913. 

"Dustin:     Anuales  et  bulletins  de  la  Socl^t6  Royalo  des  Sciences  m^dicales 
et  naturollos  d**  Hruxt'lles.   vol.   Ixxli.   No.   5,  1914. 

i^Schumarhcr  and   Roth:     Mltteilungen   aus  de  Grenzgebeiten   der  Med.   und 
Chir.,  XXV,  4.  74H,   1912. 
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from  46  to  34  per  cent.,  but  remained  there.  In  another  case, 
one  of  the  thymic  hypertrophy  mentioned  by  Klose,  Lamp^  and 
Liesegang,*^  the  decline  was  from  68  to  73  per  cent,  after  re- 
moval of  the  organ.  The  two  latter  investigators  found,  more- 
over, that  diminution  of  the  number  of  hmphocytes  occurred 
after  thMnectomy  in  normal  animals,  thus  showing  clearly  that 
the  thymus  contributed  its  typical  cells  to  the  circulation. 

My  belief  that  the  thymic  lymphocytes  are  specific  as  to 
function  is  based  on  many  facts.  Modern  investigations  are 
showing  increasingly  that  the  former  belief  that  the  human  thy- 
mus was  a  lymphoid  organ,  i.e.,  one  similar  in  structure  to  the 
l}Tnph-glands,  was  unwarranted,  and  that  it  is  an  epithelial 
organ.  We  are  thus  brought  to  realize  that  the  thymic  lympho- 
cytes, which  might  thus  be  termed  "th}'mocytes,^^  are  produced, 
in  a  special  manner,  i.e.,  as  previously  stated,  by  epithelial  cells. 
Chemically,  as  shown  by  Herlitzka  and  Borrino,**  the  thymic 
nucleohistons  differ  from  similar  bodies  of  other  organs;  they 
possess  no  glycolytic  power  and  are  unable  to  destroy  glycogen. 
Bang,"  moreover,  found  that  the  small  thymic  cells  which 
develop  into  the  so-called  lymphocytes  have  a  different  reaction 
from  those  derived  from  other  structures,  the  spleen,  bone-mar- 
row, and  bones.  "That  the  thymus-cells  arc  not  identical  with 
those  of  the  lymph-glands,'^  writes  Bicdl,^^  "is  proved  by  the  fact 
that  the  amount  of  the  nucleinates,  the  substances  which  are 
characteristic  of  the  nuclear  structure  of  the  true  glands,  is  at 
least  five  times  as  large  in  the  thymus-  as  in  the  lymph-  glands." 

Apart  from  that  of  producing  lymph-corpuscles  which  in 
the  blood  become  lymphocytes — those  which  the  th}Tnocytes  sup- 
plement during  development — the  functions  of  the  thymus,  as 
illustrated  by  experimental  thymectomy,  bear  no  resemblance  to 
those  attributed  to  lymph-glands.  The  influence  of  the  tlnmus, 
as  illustrated  by  this  operation  in  animals,  on  the  development 
of  the  osseous  system,  the  mind,  etc.,  previously  described,  has 
no  counterpart  in  the  functions  of  the  lymph-glands.  The  latter, 
acting  as  filters  of  the  l\Tnph  which  passes  through  them,  to 
rid  it  of  bacteria,  cell  detritus,  tumor-cells,  etc.,  serve  to  destroy 

"  Klose.   Lamp6  and  Llesegang:    BeitrSge  zu  klin.   Chlr.,   Ixxvll,  No.  3,  1913. 
1*  HerUtzka  and  Borrino:     Archives  Italiennes  de  Diologie,  June  10,  1903. 
11^  Bang:     Hofmeister's  Beitrage  zu  chem.  Physiol,  und  Pathol.,  4  and  5,  1904. 
>«  Biedl :    Internal  Secretory  Organs,  p.  112,  1913. 
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these  harmful  substaiiocs — though  often  destroyed  themselves 
in  the  course  of  their  protective  role,  as  in  syphilitic  bubo, 
bubonic  plague,  tuberculous  adenitis,  etc.  All  these  processes 
have  nothing  in  common  with  those  witnessed  in  the  thymus. 
The  clinic  confinns  physiological  teachings  that  bone  deformi- 
ties, rickets,  idiocy,  and  other  disorders  due  to  thymic  inade- 
quacy are  in  no  way  connected  pathogenically  with,  or  resem- 
bling, disorders  of  the  l}Tnphatic  glands. 

Suggesting  also  that  the  thymic  l}Tnphocyte8  carry  on  an 
autonomous  or  specific  function  is  the  adaptation  of  its  main 
activity  to  a  temporary  period,  i.e.,  that  during  which  the  body 
is  developed,  when  it  requires  an  excess  of  nucleins.  Hence  the 
extraordinary  wealth  of  the  th}Tnus  in  nucleinates.  As  is  well 
known,  the  phosphorus-laden  nuclear  materials  are  essential  in 
the  composition  of  the  nucleus  of  every  cell,  the  dynamic 
initiator  as  it  were — ^\^'ith  the  oxygen  carried  also  by  a  blood- 
cell  to  all  tissues — of  all  processes  considered  particularly  vital. 
Indeed,  we  are  dealing  here  with  a  fundamental  process  con- 
cerning not  only  vital  phenomena,  but  also,  in  my  opinion, 
heredity.  As  emphasized  by  Kossel"  it  is  the  nuclein,  the 
chromogenic  portion  of  the  nucleus,  which  initiates  cell  division 
and,  according  to  present  knowledge,  hereditary  characteristics. 

Additional  evidence  of  the  constructive  power  of  the  thymic 
cells  in  their  influence  on  bone  growtli  is  afforded  by  the  fact 
that  while  thvmectomv  soon  after  birth  is  followed  bv  defective 
growth  and  deformities,  tliymus,  administered  early,  restores 
normal  development.  Indeed  Gudernatsch^'*  found  that  this  sub- 
stance fed  to  tadpoles  prolon<red  their  early  growtli  markedly, 
the  animals  becoming  unduly  large,  though  metamorphosis,  evo- 
lution of  limbs,  etc.,  was  delayed.  R.  Webb  Wilcox'®  obtained  a 
gain  in  height  of  9^4  iiiclies  in  an  undersized  boy,  also  by  the  use 
of  thymus-gland.  The  delay  in  the  development  of  the  brain, 
illustrated  bv  the  idiocv  of  thvmectomized  animals  and  of  chil- 
dren  with  small  or  no  thymus-gland,  indicates  it.**  constructive  in- 
fluence in  this  organ.  The  genital  organs  are  influenced  in  the 
same   wav.     Thvnicctomv   causes   los?   of   sexual    instinct   and 

•  •  • 

sterility  and  defective  development  of  organs  of  reproduction; 

"KosspI:  MUnchener  med.  Wochensrhrift,  B.  Ivlil.  (m,  1911. 
"Gudernatsch:  Zentralbl.  flir  Physioloffio.  xxvi,  p.  323.  1912. 
^•Wncox:     RostoD  Medical  and  Surg.  Journ.,  Aug.  13,   1908. 
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Imt  the  use  of  thymus  i-ouutcL-acts  this  effect  Eerley  and 
Beebe,-''  in  a  ca>e  of  retanled  development,  obtained  enlarge- 
ment of  the  sexual  organs,  with  growth  of  hair  on  the  pubis  and 
axilla?.  In  rahbits  and  guinea-pigs,  as  shown  by  Soederlnnd  and 
Backmann^^  the  tlnmus  attains  its  greatest  weight,  while 
spennatogenesis  i:^  being  prepared,  and  it  is  only  when  the  sex- 
ual organs  are  developed  that  atrophy  of  the  gland  b^ns. 
The  )>earing  of  this  asserts  itself  when  we  recall  that,  as  illus- 
trated hv  Kussers  lalK)rs,  one  of  the  chief  sources  of  material 
for  tlie  study  of  uucloins  has  been  the  heads  of  spermatozoa  of 
various  animals.  Six'miatogenesis  continuing,  under  normal 
conditions,  througliout  life,  we  are  brought  to  realize  that,  as  is 
tlie  case  with  tlie  hones,  the  brain  and  nervous  system,  the 
genital  system  and,  in  fact,  the  body  at  large,  the  thymic 
lym[)hocytes  are  si>ecitic  in  the  sense  that  they  are  abnormally 
rich  in  nucleu,ii'hiiililintj  muferiaJs,  Their  role  is  to  add  to  the 
Ixxly  during  its  evolution  to  pnl>erty,  or  later  if  need  be,  the 
excess  of  nucleins  reijuired  for  this  juir[H)se. 

Summarized  these  facts  tend  to  substantiate  the  following 
definition  of  the  function  of  the  tliymus.  similar  in  its  general 
lines  to  one  first  submittod  bv  niv>olf  in  1903,  in  the  first  edition 
of  the  present  work  (page  1S*2K  before  most  of  the  confirmatory 
data  adduced  herein  had  been  revorded: — 

The  funrt'wH  of  the  {hifmw<  is  to  snj'phj,  through  the  agency 
of  if.<  hjmithorutdi.  the  e,m\<.<  of  i>hosi>honts  in  organic  com- 
hifitifion  which  the  body.  iHirtioihir^ij  the  oaseouf,  nervous,  and 
l/cnital  i:tf^tnus,  p.'7//!n>  Jnriinj  its  dt  reh^pment  and  growth, 
i.e.,  Jurinu  infancjf.  chiUihinhL  an  J  adolescence  or  later  if 
need  he. 

Wo  must  not  lose  siglii  of  the  fa*.t  tliat  besides  beinj:  sup- 
ported by  the  bulk  of  availalde  oviiK'iue  from  various  branches 
of  biologiral  soionvo,  lliis  intcrpivtaiion  of  \ho  function  of  the 
thvnius  accvMints  for  the  manv  diifcrent  rolos  that  have  been 
ascribed  to  this  organ,  and  wliich  liavo  hd  Howell"  to  state  that 
"practically  nothing  is  known  wMhorniiig  these  functions." 

STUjMvr.v  OF  PKKicirNr  Acnvirv  ok  riii:  Tiiymis. — ^The 
forcgt>ing  data  indi^aic  ]»lair.ly.  from  both  the  e\|HTi mental  and 

»'  Krrloy  «:\J  UooNv     Amor.  Jour    MiM    S^-ionoos.   AufC  .   1912. 

-^  SoiMtTlinid  mill  narkmrtnif     Arohiv  fiir  mikr\^skopi»**ho  Anatomto.  78,  1909. 

"Uowi'U:     ToxtNwk  of  rhysioloRy.  :.th  rd  .  p.  Si:».  1915. 
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dinical  aspects  of  the  question,  the  specific  symptoms  or  stig- 
mata which  indicate  hypothymia.    They  are  as  follows: — 

1.  Deficient  development  of  the  osseous  system  and  defor- 
mities suggesting  rickets  or  osteomalacia,  due  to  deficient 
assimilation  of  caldnm  owing  to  the  deficiency  of  thymic 
nndeins  whidi  take  part  in  the  building  up  of  calcium  phosphate. 
Deficient  stature. 

2.  Deficient  mental  development  entailing  various  grades 
of  idiocy  due  to  the  insufScient  production  of  thymic  nudeins 
to  supply  the  neurons  of  the  central  nervous  systean,  dtring  its 
development. 

3.  A  low  relative  lymphocyte  count  owing  to  the  inade- 
quate formation  of  thymocytes. 

In  cretinism,  as  we  have  seen,  most  of  the  stigmata  could 
be  traced  to  the  thyroid.  This  applies  as  well,  I  have  found,  to 
the  stigmata  of  deficiency  of  ^  thymus,  another  form  of  idioqr 
that  is  now  to  be  considered, 

MONGOLIAN  IDI0C7. 

Mongolian  idiocy,  as  its  name  denotes,  is  characterised  by  a 
striking  resemblance  of  the  little  patient,  even  at  birth,  to  a 
Mongolian,  particularly  the  Chinese.  The  slanting  eyes  and 
the  epicanthal  folds  are  particularly  noticeable.  The  distinguish- 
ing features  of  these  cases  coincide  suggestively  with  physio- 
logical, pathological,  and  clinical  phenomena  traced  to  the 
thymus  under  the  foregoing  heading.  The  stigmata  of  deficient 
bone  growth^  so  distinct  in  thymectomized  animals,  are  very 
marked.  Defective  bone  development  is  shown  by  the  low 
average  stature,  the  adult  patient  seldom  exceeding  4  feet  in 
height,  due  mainly  to  the  fact  that  the  long  bones,  particularly 
of  the  legs,  are  abnormally  short. 

Hence  also  the  flat  chest;  the  squatty  nasal  bridge;  the 
small,  undeveloped  ears ;  the  stubby,  square  hand,  with  its  short, 
tapering  fingers,  the  little  finger  being  usually  incurved.  The 
skull  likewise  shows  participation  in  the  morbid  process,  the 
anteroposterior  diameter  being  almost  equal  to  the  transverse,  a 
fact  which  causes  the  head  to  appear  round.  It  is^  in  fact,  ab- 
normally small.  Although  the  forehead  usually  bulges  an- 
teriorly, the  plane  of  the  face  and  that  of  the  occiput  tend  to 
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parallelism.  The  circumferential  measurements  are  invariably 
below  normal,  sometimes  as  nmch  as  two  and  one-half  inches, 
the  average  being,  in  26  cases  studied  by  J.  Muir,"  one  and  one- 
third  inches.  This  is  an  important  practical  feature,  for  the 
deficient  skull  development  and  the  resulting  reduction  of  brain 
capacity  when  the  fontanelles  are  closed  (which  fortunately 
occurs  late),  tends  to  reduce  the  efficiency  of  therapeutic  meas- 
ures calculated  to  improve  the  mental  status  of  the  child. 

Additional  evidence  as  to  defective  bone  nutrition  is  shown 
by  the  frequency  of  rickets,  of  which  clear  evidences  are  com- 
monly discernible  at  birth.  This  applies  also  to  other  con- 
genital defects  such  as  club-foot,  dislocation  of  the  hips,  etc. 
Palatal  deformities  are  present  in  approximately  two-thirds  of 
the  cases.  The  teeth,  surrounded  by  hypertrophied  gums,  are 
irregular  and  undergo  caries  early,  particularly  in  the  low 
grades  of  the  disease;  they  appear  later,  the  second  dentition 
being  also  delayed. 

While  these  phenomena  point  clearly  to  the  thymus  as  defi- 
cient, a  similar  condition  of  other  ductless  glands  is  suggested 
by  stigmata  which. are  deemed  characteristic  of  deficient  secre- 
tory activity  of  these  organs.  The  thyroid  seems  to  be  one  of 
these.  Thus,  while  the  skin  may  be  dark  and  soft  in  some 
patients,  in  others  it  is  dry  and  rough,  as  it  is  in  cretins,  even 
though  allowance  be  made  in  these  cases  for  the  frequency  of 
eczema — another  proof  of  deficient  catabolism.  As  in  cretinism 
also,  the  tongue  is  thick  and  heavy,  and  protrudes  more  or  less, 
but  it  is  the  seat  of  phenomena  which  some  regard  specific  to 
Mongolian  idiocy,  though  this  has  not  been  confirmed  by  my 
experience:  transver^'e  fissures  and  roughness;  owing  to  greatly 
hypertrophied  papilla\  The  lips  are  usually  thin,  but  they  may 
also  be  thick  and  everted,  though  the  body  may  not  show 
evidences  of  myxedema.  The  tonsils  and  the  nasopharyngeal 
glandular  tissues  are  often  found  enlarged.  Middle-ear  disease 
is  therefore  common. 

Subnormal  temperature,  with  marked  sensitiveness  to  cold 
and  sluggish  circulation,  is  another  symptom  commonly  noted 
in  (Tctinism,  wliich  also  prevails  in  Mongolian  idiocy,  but  the 
adrenals  might  likewise  underlie  these  phenomena,  owing  io 

»  Mulr:     Archives  of  Pediatrics,  March.  1903. 
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the  marked  influence  on  cardiovascular  dynamism  and  on  tis- 
sue oxidation.  Indeed,  the  development  of  the  entire  muscula- 
ture is  considerably  delayed,  muscular  power  likewise.  The 
ligaments  are  so  loosely  strung,  in  fact,  as  to  permit  the  freest 
movements  and  contortions;  the  fingers,  for  example,  may  be 
bent  backward  upon  the  dorsum  of  the  hand  with  the  utmost 
ease.  And  yet  all  muscular  movements  are  clumsy,  being  poorly 
co-ordinated,  a  feature  which,  in  affecting  the  lingual  muscula- 
ture, contributes  considerably  to  the  retardation  of  speech.  The 
ocular  muscles  are  likewise  involved,  as  shown  by  the  frequency 
of  strabismus  and  nystagmus  in  these  patients.  This  applies 
also  to  the  abdominal  muscles,  hernia,  especially  the  umbilical 
form,  being  common.  The  abdomen  itself  is  usually  large  and 
distended  owing  to  relaxation  of  its  musculature.  Most  striking 
is  the  frequency  of  cardiac  atony,  owing  doubtless  to  the  defi- 
cient supply  of  adrenal  secretion. 

We  have  seen  that  the  nucleins  supplied  by  the  thymus  and 
the  secretions  of  the  thyroid  and  adrenals  took  an  active  part 
in  tissue  metabolism  and  immunity.  Since  inadequate  activity 
of  these  organs  lowers  the  development  and  functional  activity 
of  the  osseous,  muscular  and  nervous  systems,  it  should,  there- 
fore, also  lower,  in  the  light  of  my  views,  the  defensive  efficiency 
of  the  organism.  That  such  is  the  ease  is  shown  in  various  ways. 
The  Mongolian  idiot  is  peculiarly  subject  to  bacterial  infections 
of  the  tissuoH  most  exposed  to  them, — the  respiratory  and  intes- 
tinal trac'lrt,  ilic  eyes,  skin,  etc.  He  is  an  easy  prey,  therefore,  to 
tuberculosis,  bronchopneunionia,  pneumonia,  influenza,  and  bac- 
terial diseases  of  the  intestinal  canal,  succumbing  promptly 
under  their  effects.  The  twenty-fifth  year  is  reached  in  but  9.4 
per  cent,  according  to  Wiggandt. 

Deficient  metabolism  initiated  during  uterine  life  accounts 
also  for  the  idiocy.  Along  with  the  rest  of  the  body,  the  intelli- 
gence lags  behind,  owing  to  deficient  development  of  the  organ 
of  mind.  The  Mongolian  infant  is  unusually  well  behaved,  so 
good  in  fact  as  to  elicit  comment  and  favorable  comparison  with 
the  average  lusty  baby.  Small  at  birth,  it  develops  about  one- 
half  as  rapidly  as  tlie  normal  child,  but  its  emotions  are  still 
slower  in  develo})ing,  in  keeping  with  its  powers  of  observation, 
which  in  some  cases  are  virtually  nil  during  the  first  year.    It 

2& 
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will  lie  in  bed  placidly  hours  at  a  time,  apparently  quite  con- 
tented. As  some  evidence  of  mental  activity  appears,  it  fol- 
lows a  common  trend.  The  child  is  not  morose  or  torpid,  as  is 
the  case  with  cretins;  it  is  amiable  and  even  aflFectionate,  and 
often  shows  a  remarkable  predilection  for  music,  dancing,  and 
mimicry,  though  sometimes  mischievously  so.  The  iraitativeness 
is  sometimes  so  marked  as  to  suggest  atavism  to  a  Simian  type, 
a  perpetual  grin  and  frontal  creases  in  some  cases  lending  addi- 
tional color  to  such  a  possibility.  Important  in  this  connec- 
tion, particularly  with  a  view  to  prophylactic  treatment,  is  that 
the  Mongolian  cast  of  features  is  often  noticeable  very  soon  after, 
if  not  at,  birth. 

Etiology  and  Patiiocjenesis. — The  etiology  of  Mongolian 
idiocy  is  clear  in  only  one  direction,  viz.,  that  no  special  heredi- 
tary vice  or  disease  is  communicated  to  the  child,  though  here 
and  there  syphilis,  gout,  violent  emotion,  and  other  disorders 
usually  incriminated  may  be  found  in  the  near  or  remote  parent- 
age. Analyzing  this  point  closely,  however,  we  are  soon  brought 
to  realize  that  such  disorders  are  not  direct  factors  in  the 
genesis  of  Mongolian  idiocy,  though  ancestral  neuroses  or 
parental  emotions  may  add  some  influence  to  that  which  seems 
seriously  to  impose  itself — parental  unbalance  or  procreative 
asthenia.  Thus,  the  majority  of  these  cases  occur  as  offsprings 
of  couples  that  have  been  prolific,  the  little  Mongolian  being 
the  last  brother  or  sister  of  many  normal  children.  Leeper,**  for 
example,  in  a  study  of  176  Mongolian  idiots  found  that  one- 
half  of  them  were  the  last-born  of  large  families,  and  that 
neuroses  were  common  in  their  ancestral  histories.  Again,  they 
will  occur  as  the  product  of  aged  couples  or  where  there  is  a 
marked  disparity  in  ages.  To  use  a  homely  comparison,  the 
factory  is  worn  out  ifk  toto  or  in  part,  and  the  product  is  below 
par.  This  is  illustrated  by  the  characteristic  facies  of  the  Mon- 
golian child,  which  is  that  of  all  other  patients  of  the  same 
special  class.  They  look  alike  to  such  a  degree,  in  all  countries, 
that  they  might  bo  taken  for  closely  related  members  of  a  single 
familv. 

Suggestive  from  the  standpoint  of  etiology  in  its  bearing 
upon    the   pathogenesis    and    treatment   of    Mongolism    is    the 

**  Lceper:    Review  of  Neurology  and  Psychol..  Jan..  1912. 
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fact  tliat  the  Mongolian  facies  may  not  be  due  to  mere  hazard. 
A  deeper  search  into  its  causes  than  haa  been  accorded  this  phe- 
nomenon so  far  has  led  me  to  a  pathological  factor  of  a  bio- 
chemical order  quite  in  keeping  with  observed  facts.  Indeed,  if 
our  knowledge  of  the  dietetics  of  the  Mongolian  branch  of  the 
hmnan  family  is  taken  into  account,  many  of  the  morbid  phe- 
nomena so  common  among  the  poor  of  that  race  seem  plainly 
ascribable  to  what  hygienists  have  termed  an  "unbalanced  diet/* 
As  is  well  known,  lack  of  fresh  fruits  and  vegetables,  with  a 
preponderance  of  salt  meats,  causes  scurvy,  and  beriberi  re- 
sults from  a  monotonous  diet,  of  which  unpolished  or  unmilled 
rice  is  the  main  component.  But  we  are  aware  also  that  rickets 
and  marasmus  are  produced  through  lack  of  animal  and  an 
excess  of  starchy  foods.  Now,  the  Mongolian  race,  and  partic- 
ularly that  part  of  it  composing  the  "coolie'^  element  in  Asia, 
shows  indubitably  the  subtle  influence  of  centuries  of  unbalanced 
diet.  The  polished  rice  which  constitutes  their  main  diet  fails 
to  furnish  tliem,  owing  to  the  absence  of  the  pericarp  sacrificed 
in  the  milling  process,  an  adequate  proportion  of  elements 
necessary  to  the  physiologically  perfect  organism. 

Prominent  among  these  is  phosphorus.  The  labors  of 
Fraser  and  Stanton,^*^  Aron,^^  Dehaan,*^  and  others  have  shown 
that  the  outer  layer  of  the  rice,  the  pericarp,  removed  during 
the  process  of  milling,  is  precisely  that  wliieh  contains  soluble 
organic  compounds  rich  in  phosphorus.  Conversely  Breaudat 
and  Denier-*  found  that  the  administration  of  this  pericarp 
in  the  form  of  rice  bran  proved  prophylactic  against  the  develop- 
ment of  beriberi ;  it  has  also  been  used  as  a  cure  for  the  disease 
by  Heiser'-^  and  others.  Briefly  the  deficiency  of  phosphorus  in 
the  form  of  phospliorus  pentoxide  in  milled  rice  has  been  identi- 
fied as  the  passive  cause  of  beriberi.  In  individuals  who,  through 
a  long  line  of  forbears,  have  become  habituated  to  its  use,  with 
perhaps  a  little  fish,  as  main  diet,  as  is  the  case  with  the  bulk  of 
rice-fed  Asiatics,  phenomena  of  another  order  become  manifest, 
viz.,  those  of  deficient  development  of  tissues  in  which  phos- 


»  Fraser  and  Stanton:     Lancet,  Feb.  13.  1909. 

»Aron:     Philippine  Jour,  of  Science,  vol.  v,  p.  81.  1910. 

''Dehaan:     Ibid.,   vol.   v,   p.   65,  1910. 

»  Breaudat  and  Denier:     Annales  de  I'lnstltut  Pasteur,   No.  2,   Feb.,  1911. 

•Helser:    Jour,  of  the  Am.  Med.  Assoc,  vol.  11.  p.  1237,  1911. 
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phorus  is  the  preponderating  agent,  the  osseous  and  cerelmh 
spinal  systems  and  also  primarily  of  the  thymus  gUmd,  which, 
through  its  nucleins,  insures  the  development  of  these  systems. 

Analyzing  the  pathogenesis  of  Mongolian  idiocy  from  this 
standpoint,  the  kinship  between  the  characteristic  features  of 
this  disease  and  the  attributes  peculiar  to  rice-fed  Mongolians 
is  striking.  The  small  size  of  the  Japanese,  Siamese,  Tonkinese, 
Annamites,  etc. ;  the  slanting  eyes,  the  narrow  palpebral  fissure 
and  the  epicanthus,  especially  marked  in  the  Chinese,  and  the 
high  cheek-bones  are  all  peculiar  to  the  Mongolian  idiot.  In  the 
''yellow  race,''  so  called,  the  skin  is  pasty,  yellowish,  doughy,  but 
smooth;  the  hair  is  straight;  the  nose  is  squatty,  exposing  the 
openings  of  the  nostrils — all  morphological  characteristics  of 
the  Mongolian  idiot.  Another  peculiarity  of  the  latter  is  his 
predilection  to  infection  and  the  deficient  resistance  shown  to 
infectious  diseases;  we  know  how  readily  rice-fed  Asiatic  coolies 
acquire  such  diseases  and  succumb  to  them. 

That  the  mentality  is  not  necessarily  dwarfed  in  the  rice- 
fed  Asiatic,  as  it  is  in  the  class  of  patients  in  question,  is  doubi- 
less  due  to  the  adjustment  of  his  nervous  system  to  his  deficient 
diet  throughout  the  thousands  of  years  he  has  employed  it. 
But  there  is  greater  disparity  between  the  lower  and  the  higher 
classes  of  Asiatics  in  this  particular  than  there  is  among  the 
white  races,  owing  doubtless  to  the  greater  variety  of  foods  the 
upper  classes  utilize  in  Asia,  which  causes  them  to  avoid  uncon- 
sciously the  hannful  influences  of  a  deficient  intake  of  phos- 
phorus. This  probably  accounts  also  for  the  fact  that  these 
upper  classes  seem,  in  most  instances,  not  to  resemble  their  ill- 
fed  compatriots,  the  slanting  eyes,  squatty  nose,  etc.,  being  less 
frequent  among  them. 

Pathology. — In  typical  cases  the  brain  and,  in  fact,  the 
entire  nervous  system  show  no  organic  lesion  other  than  imper- 
fect cellular  and  general  development,  varying  in  degree  with 
that  of  the  mind.  The  osseous  system  is  also  the  seat  of  nutri- 
tional lesions  varying  in  degree  with  the  severity  of  the  case. 
Shuttleworth'®  has  aptly  referred  to  these  characteristic  ex- 
amples of  the  disease  as  "unfinished  children."    The  condition 

wShuttleworth:    Quoted  by  McKee  and  WeUs:    "PracUcal  Pediatrics/' p.  622, 
1914. 
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of  the  thymus  has  not  been  studied  at  autopsy  in  a  sufficient 
number  of  clearly  defined  typical  cases  to  warrant  definite 
conclusions^  but  percussion  and  radiography  suggest  absence  or 
atrophy  in  some  and  hypertrophy  in  otlier  cases.  The  latter 
form  probably  represents  an  effort  at  compensation,  what  remains 
of  the  thymus  undergoing  compensative  h3rperpla8ia — ^precisely 
as  does  the  thyroid  in  hypothyroid  goiter.  This  is  further  sug- 
gested by  the  fact  that  puberty  may  be  precocious  in  these 
cases. 

Treatment. — Mongolian  idiocy  is  generally  considered 
about  the  most  rebellious  form  of  idiocy,  judging  from  the  litera- 
ture of  the  subject.  Comby,'*  for  example,  who  urges  rightly 
tliat  it  is  more  frequent  tlian  is  believed,  writes  that  the  results 
of  treatment  have  not  been  found  encouraging.  Some  good,  it 
is  stated,  may  be  effected  by  hygienic  means,  especially  good 
and  substantial  nourishment  and  country  air,  while  in  mild 
cases  satisfactory  results  may  be  obtained  by  appropriate  educa- 
tion. Other  authors  have  tried  in  turn:  thymus,  thyroid,  the 
iodides,  mercury,  etc., — ^the  whole  gamut,  in  fact,  of  agents  sug- 
gested by  any  possible  etiological  factor  that  the  history  of  a 
given  case  might  indicate, — but  without  avail. 

Our  efforts  should  tend,  if  better  results  are  to  be  attained, 
in  two  directions :  prophylactic  and  remedial. 

As  to  prophylaxis,  we  should  be  constantly  on  the  watcli 
for  Mongolism  when  the  causative  conditions — aged  parents, 
marked  discrepancy  in  the  age  of  parents,  prolific  parents  with 
the  new  infant  as  last  offspring,  strong  mental  emotion  or 
affliction  in  the  mother,  syphilis  and  alcoholism — are  features  of 
the  parental  history.  A  very  quiet  and  "good"  baby,  giving  the 
parents  so  little  trouble  that  they  take  pride  in  mentioning  it, 
may  be  found  on  examination  to  show  the  facial  characteristics 
of  Mongolism.  This  diagnosis  may  then  be  further  suggested 
by  the  presence  of  unusually  loose  joints,  as  shown  by  an  abnor- 
mally wide  range  of  motion,  unusual  helplessness  and  muscular 
asthenia,  indicated  by  inability  to  hold  up  its  head.  Treatment 
of  the  infant  through  the  nursing  mother  is  then  indicated.  As 
will  be  shox^-n  in  the  second  volume,  organic  products  arc  trans- 
mitted to  the  child  through  the  maternal  milk.    This  may  bo 

n  Comby:    Arcliiyes  des  Maladies  des  EnfanU,  April,  1906w 
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taken  advantage  of  to  modify  tlie  trend  of  the  infant  by  sup- 
plying to  its  body  those  it  needs  for  its  development.  Thymus 
gland  5  grains,  thyroid  gland  1  grain,  and  pituitary  gland  1 
grain,  to  replace  adrenal  gland  advantageously,  three  times  a 
day  during  meals,  with  a  varied  diet,  and,  as  much,  as  possible, 
out-of-door  life  may  be  given.  Where  maternal  nursing  or  wet 
nurising  cannot,  for  good  reasons,  be  carried  out,  direct  nursing, 
u,nn(j  goats*  milk  in  some  such  way  as  that  carried  out  in  Italy, 
Egypt,  South  America,  and  other  countries.  If  an  intermediate 
electric  milking  apparatus  is  used,  cows'  mUJc,  which  is  weU 
tolerated  by  infants  when  fresh  from  the  udder,  can  be  used,  the 
milk  being  pumped  into  the  nursing  bottle  in  quantities  re- 
quired, adjusted  to  the  age  of  the  infant.  Organic  preparations 
finely  powdered,  if  dry,  may  be  consequently  dissolved  in  milk 
thus  given.^^ 

The  older  the  patient  when  first  seen,  the  smaller  the 
chances  of  success.  Yet  in  all  some  improvement  is  obtained, 
])articularly  as  to  growth  and  any  cutaneous  disorder  that  may 
be  present.  The  doses  mentioned  for  a  nursing  mother  are 
suitable  for  a  child  of  5  years,  but  the  dose  of  thymus 
may  be  increased  gradually  until,  if  need  be,  15  grains  (1  Gm.) 
are  given  tliree  times  daily.  If  the  stigmata  of  either  one  of  the 
three  ductless  glands  involved  in  the  morbid  process  appear  more 
prominently  than  those  of  the  other  two,  the  dose  of  the  organic 
J) reparation  representing  that  gland  should  be  increased. 

Removal  of  enlarged  tonsils  and  adenoids  is  always  indi- 
cated. It  enhances  progress  even  as  regards  the  mental  condition 
in  some  instances.  Syrup  of  the  hypopliosphites  to  promote 
the  nutrition  of  the  cerebrospinal  system  and  iron  to  assist  in 
building  up  the  hemoglobin  are  of  signal  advantage.  A  sub- 
stiintial  and  varied  diet  is  likewise  indicated. 

The  mental  status  may  be  materially  improved,  but  at  the 
cost  of  much  patience  and  perseverance,  though  the  Mongolian 
idiot  is  usually  a  good  worker.  The  imitative  instinct  of  the 
little  patient  should  be  taken  as  starting  point  of  a  systematic 
education,  selecting  a  special  line  of  work,  music  for  instance, 
to  which  the  child  is  normallv  attracted,  as  main  aim.  He 
should  not  be  deprived  of  the  company  of  normal  children,  the 

*3  Sajous:    New  York  Medical  Journal,  page  1126»  May  29,  1915. 
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excitemont  and  fun  involved  and  Uie  out-of-door  exertiae  doing 
inudi  to  enhance  the  functional  activity  of  Iiis  ductless  giandB, 

THE  ADRENALS   IN   IDIOCY. 
One  of  tlie  most  striking  features  of  anencfphah/,  a  mon- , 
strosity  {shown  iji  the  annexed  illustration)   fharacterizod  by 
absence  of  the  brain  and  spinal  cord,  ig  the  fact  that  tho  ad- 


renal cortex  is  bo  poorly  if  at  all  developed  that  tho  ahsetice 
ul  Uiis  portion  of  Hie  adrenals  may  lie  predicated  with  practiral 
certainty.  It  may  also  he  diminutive  or  absent  in  certain  formw 
of  idiocy.  Thus,  as  Apert'*  states,  "atrophy  of  the  ailrcnal  cortex 
ii  the  role  in  nnencephaly.  Since  this  was  first  observed  by 
Morgagni  it  has  been  verified  in  hundre<ls  of  cases  of  anen- 
cephaiy,  pseudoencepliaty.  cyclopia,  and  even  in  a  few  instances 
yf  congenital  hydrocephnly  and  microcephaly."  When  the  cen- 
■  Apert:    La  Prows  uedlole.  Oct.  2S.  1»11. 
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tral  nervous  system  is  very  poorly  developed,  the  adienala  may 
be  no  larger  than  a  lentil.  Indeed  these  organs  may  be  totally 
absent^  as  in  an  aneneephalic  monster  studied  by  the  same 
author.  That  the  adrenaL  cortex  is  mainly  at  fault  in  this  con- 
dition is  suggested  by  the  fact  that  Elliott  and  Armour**  wit- 
nessed a  case  in  which  the  cortex  was  alone  atrophic,  the 
medulla  of  tlie  adrenals  and  the  paraganglia  being  normal. 
That  tliis  structure  is  of  paramount  importance  in  the  develop- 
ment of  the  organ  of  mind  is  obvious.  What  are  the  Telations 
between  the  two? 

At  the  beginning  of  this  chapter,  I  outlined  the  process  of 
nutrition  of  tlie  nerve-cell,  including,  of  course,  those  of  the  cor- 
tex, as  I  interpret  it.  Referring  the  reader  to  pages  518,  915, 
and  94G  of  the  present  work  for  the  physiological  process  in- 
volved, I  may  mention  here  that,  in  referring  to  the  secretion  of 
the  adrenals,  no  distinction  is  made  between,  the  cortex  and  the 
medulla,  it  being  inferred  that,  as  far  as  prevailing  knowledge 
will  permit,  the  products  of  both  structures  unite  in  carrying 
on  the  functions  of  the  organ. 

As  regards  the  relationship  between  the  adrenals  and 
idiocy,  the  fact  that  the  secretion  of  these  organs  is  converted 
into  adrenoxidase  in  the  lungs  sustains,  from  my  viewpoint, 
oxidation  in  the  nerve-cell  by  reacting  with  its  myelin,  which 
contains  phosphorus-laden  nucleoproteid  (supplied  with  nucleins 
by  the  thymus,  during  development,  as  we  shall  see  presently), 
explains  the  morbid  influence  of  absence  or  insufficiency  of 
these  organs  on  brain  nutrition.  While  absence  of  the  adrenals 
or  any  part  of  their  mechanism  inhibits  this  physiological  process 
sufTiciently  to  arrest  the  growth  of  the  neurons,  thus  constituting 
anencephaly,  deficient  activity  of  the  adrenals  correspondingly 
restrains  their  growth,  thus  leaving  the  brain  in  a  state  of  par- 
tial development,  which  in  turn  entails  a  correspondingly  marked 
degree  of  idiocy. 

As  emphasized  by  Mierzejewski,  the  basis  of  all)  anatomical 
lesions  in  the  brains  of  idiots  is  an  inhibition  of  the  nervous 
tissues;  its  origin  must  be  sought  either  in  embrj'onic  life  or  in 
pathological  lesions  produced  in  early  infancy  which  are  the 
starting  point  of  future  anomalies  of  development.     There  is 

**  BUiott  and  Armour:    Jour,  of  Path,  and  Bact,  April,  1911. 
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no  true  arrest  of  development  in  a  morphological  and  histological 
respect  affecting  the  brain  as  a  whole,  judging  from  the  aver- 
age post-mortem  evidence,  but  there  is  a  true  arrest  of  develop- 
ment of  certain  regions  of  the  brain-tissue  which  may  be  recog- 
nized by  the  presence  of  neuroblasts.  Some  regions,  in  fact, 
seem  to  compensate  for  these  defective  areas,  for  idiots  frequently 
show  abnormal  aptitudes  in  certain  directions — ^music,  arith- 
metic, extraordinary  memory,  etc. — ^which  renders  such  "freaks" 
acquisitions  for  showmen. 

The  examination  of  brains  of  idiots  proves  that  an  abund- 
ance of  gray  matter  and  of  nerve-cells  may  be  accompanied  by 
idiocy,  but  in  such  cases  the  system  of  connections  between  the 
convolutions  is  arrested  in  its  development,  and  this  want  of 
paths  of  communication  and  the  lack  of  harmony  of  develop- 
ment in  the  different  nervous  elements  render  the  organ  imper- 
fect. In  the  central  nervous  system  everything  depends  not  on 
the  quantiiy  but  on  the  quality  of  the  elements,  and  their  com- 
binations with  each  other.  The  richness  of  the  layer  of  neuro- 
blasts in  the  hemispheres  of  idiots,  which  indicates  true  arrest 
of  development  of  certain  parts  of  the  cerebral  tissue,  undoubtedly 
produces  insufficiency  of  function  of  the  nervous  system  and  of 
the  manifestations  of  the  intellect.  In  favorable  conditions  of 
nutrition,  however,  neuroblasts  may  become  transformed  into 
elements  of  a  superior  order,  that  is  to  say,  nerve-cells.  In  the 
layer  of  neuroblasts  there  are  sometimes  found  polymorphic 
cells.  Thus  the  neuroblasts,  which  for  a  certain  time  preserve 
their  embryonic  forms,  and  wliich  are  in  a  state  of  functional 
lethargy,  may,  under  the  influence  of  a  propitious  impulse,  be- 
come transformed  into  nerve-cells  and  help  in  reinforcing  the 
activity  of  the  cerebral  functions.  It  is  perhaps  in  this  way 
that  are  to  be  explained  the  cases  of  profound  and  apparently 
hopeless  idiocy  in  which  there  sometimes  occurs  a  marked 
improvement  of  the  intellectual  faculties.  The  idiot  seems  to 
wake  from  a  long  sleep  while,  nevertheless,  retaining  per- 
manently the  stamp  of  his  mental  infirmity,  though  in  a  less 
marked  degree.  It  is  this  process  of  repair  which  organotherapy 
tends  to  promote. 

What  are  the  stigmata  which  enable  us  to  recognize  that 
the  adrenals  are  functionally  defective  in  these  cases? 
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Stigmata  of  Deficient  Activity  of  the  Adrenals  as 
A  Whole. — ^I'hese  having  been  described  in  full  under  the  cap- 
tion of  llypoadrenia  in  the  second  chapter,  they  will  be  only 
summarized  in  the  present  connection.  They  are  briefly: 
muscular  weakness,  sensitiveness  to  cold  and  cold  extremities, 
low  blood-pressure  and  weak  cardiac  action  and  pulse,  anorexia, 
constipation,  emaciation,  anemia,  pallor,  and  mental  torpor,  slow 
intellection  or  even  idiocy  if  the  adrenal  deficiency  has  started 
in  iitero.  As  these  represent  the  stigmata  of  both  the  medulla 
and  cortex,  it  b(»comes  a  question  whether  additional  light  might 
not  be  afforded  by  an  analysis  of  the  influence  of  deficient 
activity  of  the  adrenal  cortex  alone. 

Stigmata  of  Deficient  Activity  of  the  Adrenal 
Cortex. — ^The  prevailing  conception  of  the  functions  of  this 
structure,  as  was  shown  in  the  first  chapter,  is  that  it  produces 
some  hormone  "whicli  influences,  directly  or  indirectly,  somatic 
and  psychic  development,"  experimental  and  clinical  evidence 
having  shown  tliat  this  influence  was  exercised  mainly  upon 
development  of  the  sexual  glands,  the  body  growth  and  the 
changes  that  occur  at  puberty.  These,  however,  as  we  shall  see, 
are  j)hen()mena  due  to  overactivity  of  the  cortex.  When  we 
come  to  deficiency  of  this  structure,  but  little  may  be  added  to 
the  list  of  stigmata  awakened  by  deficient  activity  of  the  whole 
gland.  Thus  its  complete  removal  causes  death  even  if  the 
medullary  jmrtion  of  the  adrenals  is  left,  according  to  Biedl; 
but  other  physiologists  failed  to  observe  a  fatal  issue  owing 
doubtless  to  the  presence  in  the  experimental  animals  of  acces- 
sory cortical  structures  well  known  to  exist  in  the  kidneys, 
ovaries,  and  other  organs.  Variot  and  Pironneau'*^  attribute  to 
aplasia  of  tho  adrenal  cortex  a  case  of  senile  dwarfism  in  a  girl 
of  15  years,  Gilford's  progeria,  in  which,  besides  the  defective 
body  growth,  there  was  almost  universal  absence  of  hair.  The 
presence  of  osseous  dystrophy,  however,  would  point  to  insuflS- 
ciency  of  the  thymus,  to  which  T  have  ascribed  progeria."' 
Yet  the  universal  alopecia,  which  included  absenc^e  of  eyebrows 
and  lashes,  suggests  concomitant  atrophy  of  the  adrenal  cortex 


*>VarIot  and  Pironneau:    Cllnlque  Infantile,  vol.  vlii,  p.  706,  1910.    Quoted  bj 
Rand:     BoBton  Medical  and  Surgical  Journal,  July  16.  1914. 

**  Sajous:    New  York  Medical  Journal.  March  20th  and  April  3,  1915. 
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in  the  case  of  Variot  and  Pironneau,  as  well  as  in  one  reported 
by  Hastings  Gilford,*^  in  which  generalized  alopecia  was  also 
present,  owing  to  the  fact  referred  to  below,  that  hirsuties  is 
one  of  the  leading  stigmata  of  excessive  activity  of  the  adrenal 
cortex. 

All  we  can  add  to  the  preceding  list  of  adrenal  stigmata  of 
insufficiency  therefore  is  deficient  hair  growth,  this  being  con- 
trolled by  the  fact  that,  as  sliown  helow,  overactivity  of  the  cor- 
tex, such  as  that  produced  by  tumors,  or  hypertrophy  of  this 
portion  of  the  adrenals,  gives  rise  to  overgrowth  of  hair. 

Stigmata  of  Excessive  Activity  of  the  Adrenal 
Cortex. — The  clinical  phenomena  based  upon  tumors  of  the 
cortex  can  alone  be  taken  as  guide  in  this  connection.  These 
depend  materially,  as  to  their  nature  moreover,  upon  the  age  of 
the  patient.  Thus,  a  child  of  5  years  may,  as  a  result  of  neo- 
plasm in  this  location,  promptly  attain  the  dimensions  and 
physical  characteristics  of  an  adult.  Bulloch  and  Sequeira*® 
observed  a  case  in  a  girl  of  10  years,  whose  physical  development 
was  that  of  a  woman  of  40  years.  She  began  to  menstruate  at 
the  age  of  10,  the  breasts  were  fully  developed,  and  the  hair 
about  the  pubis  and  axillae  likewise.  There  was  besides,  how- 
ever, pronounced  facial  hirsuties.  She  weighed  99  pounds. 
The  autopsy  sliowed  a  large  hypernephroma  of  the  left  adrenal. 
The  authors  found  11  similar  cases  in  literature,  almost  all 
girls.  Jump,  Beates  and  Wayne  Babcock"*^  reported  a  case,  in  a 
girl  of  7  years,  in  whom  the  abnormal  development  began,  and  a 
growth  of  hair  was  noticed  first  over  the  pubis,  then  in  the  arm- 
pits, then  over  tlie  legs  and  trunk,  and  subseciuently  on  the 
chin  and  upper  lip.  She  grew  rapidly  and  showed  a  surprising 
mental  and  physical  development.  Her  voice  became  much 
deeper  and  she  developed  amazing  muscular  strength,  the  arms 
and  legs  being  very  muscular.  The  external  genital  organs  were 
fully  developed,  tlie  clitoris,  however,  being  very  large  and 
penile  in  appearance.  Tlie  uterus  and  adiicxa  were  found  to  he 
infantile,  however,  in  the  course  of  the  operation,  a  large  hyper- 
nephroma involving  the  entire  right  kidney  having  developed. 


■'Gilford:     Practitioner.  August.  1914. 

"Bulloch  and  Sequelra:    Trans,  of  Path.  Soc.  of  London,  vol.  Ivl,  p.  189,  1905. 
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The  child  died  tliree  hours  after  tlie  operative  procedure.  Of 
the  17  cases  found  by  the  authors  in  literature,  besides  their 
own,  all  had  died  before  their  sixteenth  year. 

In  the  male  sex  the  abdominal  growth  is  manifested  espe- 
cially in  the  direction  of  marked  muscular  development  and 
obesity.  Guthrie*®  attributes  the  infant  Hercules  or  Samsons 
of  sh()W8,  mythology,  and  art  to  examples  of  this  type  of  disease, 
just  as  acromegaly  has  served  as  type  for  Punichinello. 

When  the  cortical  tumor  occurs  later  in  life,  hirsuties  is  the 
main  phenomenon :  the  formation  of  long  hairs  on  the  cheeks 
and  chin,  the  chest,  back  and  limbs  of  young  girls,  with  perhaps 
obesitv.  There  is  a  tcndencv  toward  male  characteristics,  as  in 
the  case  reported  by  Jump,  Beates  and  Babcock  in  a  child,  the 
voice  becoming  deeper,  the  menses  ceasing,  and  the  organs  of 
generation  showing  progressive  atrophy  in  some.  This  trans- 
formation thus  leads  to  hermaphrodism.  Apert*^  refers  to  14 
cases,  in  10  of  which  the  male  organs  were  sufficiently  developed 
to  cause  them  to  live  as  men.  The  scrotum  was  empty,  and  at 
autopsy  the  deeper  organs  were  found  to  possess  the  female 
attributes.  In  the  remaining  4  the  clitoris  was  penis-like  and 
the  female  organs  were  atrophied.  In  all  of  the  10  marked 
cases  either  the  adrenal  cortex  was  greatly  enlarged  or  large 
accessory  adrenals  were  ])rcpent.  Auvray  and  de  Pfeffel**  have 
also  roiK)rtod  a  case  of  hermaphrodism  with  enormous  hyper- 
trophy of  the  adrenals.  According  to  Glynn*'^  hypernephromata 
are  associated  with  sex  abnormalities  almost  invariablv  in  chil- 
dren  and  usually  in  adult  females  before  the  menopause. 

Summarizing  all  the?e  facts,  the  stigmata  of  adrenal 
deficient  activity  are  as  follows : — 

1.  Muscular  weakness  and  emaciation. 

2.  Weak  heart  action  and  pulse,  low  blood-pressure,  and 
constipation  due  to  deficient  peristalsis,  the  result  in  turn  of 
torpor  of  tlie  intestinal  muscular  layer. 

3.  Sensitiveness  to  cold  and  cold  extremities  due  to  in- 
adequate oxidation  and  recession  of  the  blood-mass  into  the 
splanchnic  area. 

«  Guthrie;    BriUsh  Med.  Jour.,  Sept  21,  1907. 

**  Apert:    Loc.  dt. 

^Auvray  and  de  Pfeffel:    Soci^t#  de  Chir.,  May  31,  ISU.    Quoted  by  Apert 

MQlynn:    Quarterly  Jour,  of  Medicine.  Jan..  1912. 
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4.  Defective  hair  growth  and  pallor  owing  to  inadequate 
circulation  and  oxidation  in  the  cutaneous  tissues. 

5,  Mental  torpor,  slow  intellection,  or  even  idiocy  where 
adrenal  deficiency  is  initiated  in  utero. 

The  presence  of  these  stigmata  seem  plainly  suggestive  in 
the  disease  treated  below,  with  which,  as  far  as  I  know,  deficiency 
of  the  adrenals  has  not  so  far  been  connected  by  other  observers. 

AMAUROTIC    FAMILY   IDIOCY. 

This  disease,  first  described  by  Warren  Tay  in  1881,  has 
been  attributed,  by  most  authors,  to  some  obscure  congenital 
defect.    It  is  uniformly  fatal. 

Any  time  between  the  fifth  and  tenth  month,  a  normal 
infant,  bom  at  term,  will  more  or  less  suddenly  cease  to  grow 
physically  and  mentally,  the  physical  phenomena  consisting 
mainly  in  increasing  weakness  and  blindness.  The  little  patient 
can  no  longer  hold  up  its  head,  sit  or  grasp;  and  its  myasthenia 
soon  becomes  so  marked  that  virtual  paralysis  is  suggested. 
Marked  pallor  supervenes,  due  doubtless  to  atony  of  the  vascular 
muscles.  These  phenomena  present  some  kinship  with  the  pro- 
found myasthenia  of  Addison's  disease,  a  fact  which  suggests 
failure  of  the  adrenals  and  of  its  functional  corollary,  the 
chromaffin  elements  of  the  sympathetic  system,  as  a  feature 
of  the  morbid  process.  The  infant  also  presents  evidences  of 
diminished  vision :  it  fails  increasingly  to  notice  its*  mother 
or  nurse,  and  also  objects  which,  before,  attracted  its  attention. 
Examination  of  the  fundus,  at  this  time,  reveals  a  picture  which 
has  been  considered  pathognomonic.  While  atrophy  of  the 
optic  nerve  may  be  more  or  less  marked,  the  region  of  the 
macula  lutea  is  dark  red,  and  surrounded  by  a  whitish-gray  or 
pearl  halo,  through  wliich  the  retinal  vessels  may  be  readily 
seen.  Strabismus,  nystagmus,  and  irregularities  of  the  pupils 
and  dysphagia  further  indicate  profound  involvement  of  the 
muscular  system.  This  is  shown  also  by  the  profound  myas- 
thenia previously  mentioned,  the  child  losing  increasingly  the 
use  of  all  muscles.  What  mental  development — which  may  have 
been  quite  normal  previously — the  infant  may  have  shown  grad- 
ually recedes,  the  first  signs  being  loss  of  interest,  the  torpor  in 
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responding  to  things  which  before  attracted  its  attention,  and 
indifference  concerning  its  food. 

Another  suggestive  feature  in  the  pathogenesis  of  this  dis- 
ease is  one  commonly  met  iii  tlie  cerebral  palsies  of  children, 
viz.,  periodical  convulsions.  If  the  prevailing  view  that  a 
toxemia  underlies  the  disease  is  justified,  another  link  with  the 
adrenals  asserts  itself.  In  1891,  for  example,  Abelous  and 
I^nglois  were  led  experimentally  to  conclude  that  "the  adrenals 
possess  the  function  of  neutralizing  or  destroying  toxic  sub- 
stances evolved  during  muscular  labor.*'  Since  tlien,  the 
investigations  of  Charrin,  Oppcnheim,  of  Paris,  and  others,* 
including  myself,  have  shown  tliat  this  antitoxic  function  is 
exercised  in  many  directions  and  tliat  poisons  of  exogenous 
origin,  toxins,  inorganic  toxics,  and  drugs,  are  all  neutralized 
as  well  as  those  of  muscular  origin  identified  by  Langlois  as 
"fatigue  poisons''  referred  to  above. 

While  a  toxic  of  some  sort  has  been  incriminated  by  prac- 
tically all  authors  as  the  cause  of  amaurotic  family  idiocy,  its 
nature  has  not,  so  far,  been  identified.  Extreme  adrenal  insuJBB- 
cicncy,  by  permitting  the  accumulation  of  certain  (probably 
myogenic)  wastes  in  the  blood,  soems  to  afford  an  explanation. 
Not  only  docs  it  correspond  clinically  in  many  particulars  with 
the  disciisc  in  question,  but  it  explains  also  why  the  infant  is  so 
])r()nc  to  periodical  convulsions.  These,  under  such  conditions, 
nvcuT  when  tlie  accumulation  of  poisons  reaches  a  certain  limit, 
tlie  convulsive  paroxysm  being  a  protective  reaction  which 
brintjs  into  abnormal  activitv  all  the  antitoxic  functions  of  the 
body,  including  those  exercised  by  tlie  ductless  glands,  which, 
from  my  view])oint,  and  witii  the  digestive  glands,  as  shown  later 
in  the  present  work,  form  the  foundation  of  the  immunizing 
mcclianism  in  so  far  as  its  chemical  attributes  are  concerned. 
Examination  of  the  adrenals  in  the  autopsies  of  these  cases  has 
unfortunately  been  superficial.  Even  under  these  conditions 
lesions  in  these  organs  have  been  discerned.  Thus,  F.  Petersen** 
describes  his  findings  in  a  characteristic  case  in  the  following 
words :  *'The  left  suprarenal,  pale-yellow  color ;  firm,  small  cav- 
ity in  center.    Right  suprarenal,  same." 

The   genesis   of   the   disease,   with    deficiency   of  the   ad- 

**  Petersen:    Journal  of  Mental  and  Nerv.  Die.,  July.  1908. 
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renals  as  chief  factor  of  the  process,  may,  quite  in  keeping  with 
the  prevailing  view,  be  traced  to  a  toxemia  which  tlie  adrenals 
and  other  ductless  glands  are  unable  to  counteract.  To  refuse 
these  organs  immunizing  properties,  nowadays,  is  unwarranted. 
As  stated  recently  by  Albahar}'**^  before  the  Paris  Society  of 
Biolog}%  "As  regards  neutralizing  secretions  that  the  organism 
can  oppose  tlie  action  of  a  toxin  in  general,  we  know  today  thai 
this  role  belongs  mainly  to  the  ductless  glands."  This  fact 
established,  a  toxemia  from  any  cause  capable  of  exhausting 
these  organs  or  causing  hemorrhagic  or  other  organic  lesions  in 
them  (we  have  seen  in  the  first  chapter  that  such  occur  fre- 
quently) may  thus  initiate  the  disease. 

Church,*®  however,  states  that  "none  of  the  alleged  toxic 
factors  can  be  accepted  as  competent  in  all  instances.  As  many 
as  4  cases  have  been  observed  in  a  single  family."  This  is 
precisely  where  the  prevailing  interpretation  of  the  disease  is 
weak :  a  direct  toxemia  fails  totally  to  explain  one  of  its  charac- 
teristic features :  that  of  being  a  familial  disease.  This  feature 
is  met,  however,  by  the  fact  that  precisely  as  is  the  case  with 
other  organs,  functional  debility  of  any  or  all  ductless  glands 
and  their  predilection  to  certain  disorders  or  vulnerability  to 
organic  lesions  may  be  transmitted  to  offspring.  An  infection 
capable  through  its  toxins  of  causing  inhibitory  lesions  in  such 
vulnerable  organs — and  this  may  apply  as  well  to  any  of  tlie 
ductless  glands  or  to  all  of  them  in  the  same  subject — ^may  thus 
impair  sufficiently  the  nutrition  not  only  of  the  central  nervous 
system,  causing  degenerative  changes  and  chromatolysis,  but 
also  tliat  of  the  muscular  system  at  large,  the  cardiovascular 
system,  etc.  That  other  glands  may  be  involved  in  the  morbid 
process  is  suggested  by  the  fact  that  ^IcKee  found  lesions  in 
the  th\Tnus  gland,  while  Grordon  noted  enlargement  of  the 
thyroid — probably  degenerative — in  one  case  and  atrophy  of 
the  same  organ  in  another.  One  thing  is  certain,  however:  the 
clinical  stigmata  coincide  with  those  of  adrenal  deficiency,  and 
it  is  probably  in  these  organs  that,  macroscopically  or  micro- 
scopically, the  main  causative  lesions  are  to  be  found. 


**Albahary:    C.-r.  de  la  Socl6t6  de  Biologle  T.,  vol.  Ixxiv,  No.  4,  p.  175,  Jan. 
31.  1913. 

<•  Church:    "Nervous  and  Mental  Dis.,"  by  Church  and  Peterson,  p.  250,  1908. 
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On  the  whole,  available  data  seem  to  me  to  suggest  that 
amaurotic  family  idiocy  is  due  primarily  to  a  toxemia,  induding 
such  as  may  be  caused  by  a  disease  toxin,  which,  by  provoking 
organic  lesions  in  the  ductless  glands  {particularly  the  most 
vulnerable  of  these,  the  adrenals)  when  these  are  congenitally 
debilitated  or  vulnerable,  so  weakens  their  functions  as  to 
inhibit  increasingly  their  power  to  sustain  metabolism  and  nutri- 
tion of  the  central  nervous  system,  the  muscular  and  cardiovas- 
cular fif/stems. 

TiiEATMBXT. — ^As  HOW  interpreted,  amaurotic  family  idiocy 
is  hopeless.  That  early  recognition  of  the  disease  might  check 
the  lethal  trend,  if  the  pathogenesis  just  described  proves  true,  is 
possible,  unless  actual  destruction  of  the  various  ductless  glands 
involved  be  complete.  That  such  cannot  be  the  case  in  most 
instances  is  self-evident  w^hen  w^e  recall  that  a  small  portion  of 
parenchyma — one-eleventh  in  the  case  of  the  adrenals — will 
carry  on  vital  functions,  and  that,  moreover,  this  segment  or 
fraction  of  organ  will  become  hypertrophied  under  functional 
stress.  Again,  we  must  bear  in  mind  the  presence  of  the  acces- 
sory organs  some  of  which  may  have  escaped  organic  lesions  to 
a  degree  sufficient  to  enable  them  to  recover  their  functions,  at 
least  in  part. 

Not  only  in  so  far  as  the  disease  in  question  is  concerned, 
but  to  prevent  the  development  of  any  of  the  forms  of  idiocy 
described,  any  infant  who  is  subjected  to  any  of  the  infections, 
particularly  diphtheria,  meningitis,  tonsillitis  with  rheumatic 
complications,  measles,  and  scarlet  fever,  should  be  closely 
watched  long  after  convalescence.  Unfortunately  a  condition 
capable  of  suggesting  the  possible  development  of  the  disease  is 
usually  absent,  the  process  having  even  progressed  in  uiero  to 
such  a  degree  in  some  instances  that  the  infant  is  bom  blind. 

As  to  the  measures  indicated  in  the  light  of  the  patho- 
genesis submitted  above,  they  are  as  much  as  possible  to  supply 
the  organic  preparation  which  the  stigmata  present  suggest.  If 
the  little  patient  be  still  a  suckling,  the  remedy  may  be  adminis- 
tered to  the  mother,  adrenal  gland  being  given  in  2-grain  doses 
three  times  daily  and  gradually  increased  to  5  grains.  To  arrest 
the  degenerative  process  in  the  infant,  intramuscular  injections 
of  infundibular  extract,  which  acts  much  as  does  the  adrenal 
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principle,  may  be  tried.  Pituitrin  or  "vaporole,"  an  imported 
preparation,  may  be  employed,  diluted  in  saline  solution,  and 
injected  into  the  gluteal  muscles  after  the  surface  has  been  care- 
fully asepticized.  The  dose  should  be  small  and  adjusted  to  the 
age  of  the  infant,  any  increase  being  carried  out  tentatively. 
Small  doses  of  thymus  and  thyroid  are  also  indicated  to  restore 
the  metabolic  equipoise  in  the  nerve-cells  or  facilitate  their 
regeneration. 

The  diet  is  an  important  feature  in  these  cases.  It  is,  in 
fact,  possible  that  in  some  instances  the  maternal  milk  is  found 
deficient  in  those  agents  which,  as  we  shall  see,  are  of  primary 
importance  in  the  development,  physical  and  mental,  of  the 
child.  When  the  possibility  of  this  exists  tlie  diet  of  the  infant 
should  be  reinforced  with  fresh-drawn  cows'  or  goats'  milk. 

DYSTROPHIA   ADIPOSO-GENITALIS. 
(Frohlich*s  Disease,  Adipositas  Cerebralis.) 

Although  the  mental  s}Tnptoms  observed  in  some  cases  of 
disease  of  the  pituitary  are  usually  psychasthenic  states  of  a 
melancholic  type,  attended,  at  times,  with  delusions  of  persecu- 
tion, attacks  of  depression  and  exaltation,  convulsions,  etc.,  cases 
are  occasionally  witnessed  in  wiiicli  the  mental  condition  is  such 
as  to  suggest  high  grade  of  imbecility  in  which  mental  apathy, 
dullness,  and  delusions  are  merged  in  with  the  more  active 
symptoms,  as  observed  in  a  personal  case.  In  another  instance, 
also  a  case  of  dystrophia  adiposo-geuitalis,  the  patient  was  irre- 
sponsible, childish,  and  showed  a  tendency  to  pilfering.  He  was 
unable  to  acquire  knowledge  beyond  that  taught  in  an  elementary 
school,  though  showing  a  marked  predilection  for  music. 

Dystrophia  adiposo-genitalis,  which  is  a  manifestation  of 
deficient  activity  of  tlic  pituitary  occurring  as  the  result  of  an 
injury,  local  organic  processes  such  as  tumors,  etc.,  is  character- 
ized by  a  marked  tendency  to  obesity,  especially  about  the  face 
(the  "moon  face''  type),  the  breast,  abdomen,  and  thighs,  with 
sometimes  fat  pads  over  the  clavicles  and  under  the  arms.  There 
is  also  arrest  of  development  of  the  genital  organs ;  these  remain 
infantile  or  atrophy,  women  ceasing  to  menstruate  when  hypo- 
pituitarism develops  after  puberty.  The  male  body  assumes  a 
feminine  type,  especially  about  the  hips.    The  skin  is  smooth, 

20 
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tliough  very  dry,  but  sometimes  rough.  There  is  absence  or 
Scantiness  of  hair  about  the  pubes  and  axillae  and  trophic  dis- 
turbances of  the  nails,  the  hand  being  pudgy  and  the  fingers 
tapering.  Symptoms  of  tumor  of  the  pituitary  are  usually  ob- 
served, headache,  hemianopsia,  blindness,  etc..  but  in  the  two 
cases  referred  to  above  pressure  signs  were  altogether  absent. 
The  temperature  is  generally  subnormal,  96°  to  98°  F.,  and  the 
pulse  weak.  The  blood-pressure  is  also  low  in  some  cases.  The 
development  of  the  bones  and  ossification  of  the  epiphyses  may 
be  retarded  and  the  stature  deficient  if  the  case  is  traceable  to 
the  first  years  of  life.  If  the  hypothyroidia  be  the  result  of  a 
temporary  tumor  or  of  a  period  of  hypertrophy  of  the  gland 
from  any  cause  capable  of  increasing  for  a  time  its  functional 
activity,  the  patient  may  be  of  normal  stature  for  his  age  or 
even  exceed  it.  Under  these  conditions  the  acromegalic  facies  is 
sometimes  clearly  discernible.  I  have  seen  2  cases  in  which  it 
had  existed  many  years,  the  disorder  in  the  pituitary  having 
doubtless  ceased  permanently. 

In  view  of  the  functions  I  attribute  to  tlie  pituitary  body 
these  symptoms  of  hypothyroidia  are  not  due  to  deficiency  of  a 
secretion  of  the  organ,  but  to  inadequate  activity  of  the  thyroid, 
adrenals,  and  thymus,  and  the  resulting  vascular  dilatation  and 
circulatory  torpor  in  these  organs  the  functions  of  which  the 
posterior  or  neural  lobe  of  the  pituitary  co-ordinates  as  sympa- 
thetic center.  Hypopituitarism  thus  becomes  the  expression  of 
pluriglandular  deficiency,  but  mild  in  type,  as  a  rule,  death  in 
such  cases  being  due  to  the  lesions  caused  by  the  growth  in  the 
neighboring  cerebral  structures.  The  glandular  stigmata  in  a 
case  of  imbecility  due  to  hypopituitarism  are  as  follows : — 

1.  Subnormal  temperature;  low  blood-pressure;  pigmenta- 
tion (symptoms  of  deficient  activity  of  the  adrenal  medulla). 
Muscular  weakness  and  scanty  hair  growth;  also  in  a  pre- 
adolescent  case,  undeveloped  or  infantile  genital  organs  (symp- 
toms of  deficient  activity  of  the  adrenal  cortex). 

2.  Adiposis;  smoothness,  but  in  some  cases  roughness  and 
dryness  of  skin  (s}Tnptoms  of  deficient  activity  of  the  thyroid). 

3.  Undersized  growth  owing  to  deficient  skeletal  develop- 
ment and  imperfect  ossification  of  the  epiphyses  (symptoms  in 
a  preadolescent  case  of  deficient  activity  of  the  thymus). 
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Treatment. — The  medical  treatment  of  these  eases  can 
only  serve  to  compensate  for  the  defective  activity  of  the  vari- 
ous ductless  glands  which,  from  my  viewpoint,  control  the  cir- 
culation in  these  organs.  In  the  vast  majority  of  cases  the 
functional  activity  of  the  pituitary  is  compromised  by  a  tumor 
which,  unless  removed,  compresses  and  destroys  the  surrounding 
tissues  and,  as  previously  stated,  ultimately  causes  death.  When, 
therefore,  symptoms  of  pressure  appear,  such  as  intense  *^urst- 
ing"  headache,  visual  disorders  (due  to  compression  of  the  optic 
thalamus),  etc.,  surgical  measures  are  necessary  to  insure 
decompression. 

At  times,  however,  we  witness  instances  such  as  the  two 
patients  referred  to  above,  in  which  the  pituitary  lesion  was 
temporary,  though  sufficient,  when  active,  to  have  left  perma- 
nent nutritional  abnormalities  such  as  those  recited.  In  such 
patients  the  combined  use  of  the  desiccated  powders  of  thyroid 
1  grain,  pituitary  body  3  grains,  and  thymus  gland  2  grains, 
three  times  daily  for  an  adolescent,  proves  very  helpful. 
Pituitary  gland  alone  in  large  doses — from  3  to  10  grains  three 
times  a  day — is  sometimes  sufficient.  As  I  have  repeatedly 
urged,  the  action  of  this  agent  does  not  prove  that  it  represents 
that  of  a  secretion,  but  that  the  powdered  gland  contains  phos- 
phorus ill  ort^anic  coiiibinatioii  owing  to  the  wealth  of  nerve-cells 
in  tlie  neural  l()l)e — which  reprcR'iits  in  assimilable  form  the 
nucleins  produced  by  tlic  tliymus — and  also  adrenal  substance,  as 
shown  by  tlie  chroinaflin  test.  Watanabe  and  Crawford*^  also 
found  recently  that  ^*^pituitary  extracts  prepared  by  certain 
methods  <^ive  color  reactions  similar  to  those  given  by 
suprarenal  extracts.''  Tlie  activity  of  pituitary  is  enhanced, 
however,  when  thyroid  gland  in  small  doses  is  administered 
simultaneously. 

THE    BACKWARD    CHILD. 

The  great  nuniber  of  these  more  or  less  mentally  weak 
children  is  fortunately  beginning  to  attract  serious  attention. 
Particularly  is  this  the  case  since  the  investigations  of  the  Rus- 
sell Sage  Foundation  in  thirty-one  American  cities  have  shown 
that  over  20  per  cent,  of  the  children  in  their  schools  belonged 

*' Watanabe  and  Crawford:    Jour,  of  Pharmacol,  and  Exper.  Therap.,  Jan., 
1916. 
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to  the  ^^retarded"  class,  this  proportion  leaving  out  of  all  con- 
sideration the  17  per  cent,  of  subjects  in  whom  the  retardation 
was  due  to  late  entrance.  In  other  words,  approximately  one- 
fifth  of  all  the  children  in  the  public  schools  of  the  United 
States  are  more  or  less  feeble-minded. 

Diagnosis  and  Pathogenesis. — ^As  Barr  has  well  said, 
**The  backward  child  is  not  a  mental  defective  but  a  mental  in- 
valid, so  to  speak,  possessed  of  all  his  powers,  and  has  the  same 
chance  of  atteiuing  mental  vigor  that  any  sickly  child  has  of 
being  brought  to  normal  health  through  proper  treatm^if 
Thanks  to  the  Binct  and  Simon  method,  backward  children  are 
now  being  duly  identified,  and  saved  the  brutalities  which  for- 
merly were  meted  out  to  them  when  tlicir  defective  work  and 
slow  progress  at  school  were  attributed  to  laziness,  arbitrariness, 
and  stupidity. 

The  medical  diagnosis  of  these  cases  requires  a  careful 
scrutiny  of  the  many  factors  which  may  prevent  development 
of  the  mind.  The  stigmata  of  the  various  ductless  glands 
described  under  the  preceding  headings  must  be  carefully 
sought.  Yet,  to  attribute  all  cases  of  retarded  mentality  to 
deficient  activity  of  these  organs  would  be  to  err  as  gravely  as 
to  ignore  them  altogether.  The  nasopharyngeal  cavity  should  be 
carefully  examined  for  adenoids  and  hypertrophied  tonsils.  Not 
only  do  they  interfere  with  respiration,  both  as  to  intake  of 
oxygen  and  output  of  carbon  dioxide,  but  they  also  compromise 
the  hearing  and  thus  interfere  with  one  of  the  most  important 
avenues  through  which  the  brain  receives  impressions^  Diseased 
tonsils  are  detrimental  also  in  that  they  are  frequently  the  seat 
of  bacterial  colonies  which,  through  the  toxemia  engendered, 
provoke  a  protective  reaction  which,  owing  to  the  excess  of  anti- 
bodies produced,  exhausts  tlie  child  (sometimes  keeping  up  a 
persistent  hemolysis  with  marked  anemia,  and  even  chlorosis) 
and  interferes  with  its  physical  and,  therefore,  mental  develop- 
ment. Excessive  myopia,  errors  of  refraction,  any  form  of 
markedly  defective  vision,  in  fact,  is  also  conducive  to  mental 
starvation  in  exogenous  stimuli  so  necessary  to  the  psychic  de- 
velopment of  the  organ  of  mind.  To  remedy  adequately  these 
morbid  conditions  is  imperatively  necessary;  in  their  presence 
organotherapy  will  prove  useless. 


TUB   BACKWARD   CHU^D.  811 

Tbeatmbnt. — ^Before  medical  treatment  is  instituted  sev- 
eral factors  must  be  taken  into  account.  That  insufficient  food 
is  a  prominent  causal  feature  of  backwardness^  encountered  with 
special  frequency  in  our  public  schools,  is  well  known.  The 
functional  relationship  between  the  th3'mus  and  the  brain,  main- 
tained through  the  continuous  supply  by  the  former  of  nucleins 
which  constitute  the  essential  dynamic  agent  of  the  cortical  cell, 
accounts  for  this  phenomenon.  Organotherapy  without  an  in- 
crease of  nutritious  food  in  half-starved  children  is  not  produc- 
tive of  good,  but  in  some  of  harm  where  thyroid  is  made  the 
sheet  anchor  of  the  treatment.  It  is  precisely  in  such  cases  that 
the  untoward  effects  of  thyroid  treatment  and  osseous  deformi- 
ties resulting  tlierefrom,  especially  genu  varum,  are  most  fre- 
quently observed. 

Environment  is  another  factor  having  considerable  in- 
fluence over  the  result  to  be  expected  from  organotherapy.  The 
latter  may  endow  tlie  brain  with  the  potentiality  for  develop- 
ment, and  the  neurons  reach  the  maximum  state  of  physical  per- 
fection of  which  they  are  capable ;  but  if  exogenous  impressions 
to  develop  the  psychic  functions  of  the  brain  are  missing,  the 
organ  lies  dormant  and  little  if  any  progress  is  made.  In  every 
instance,  this  phase  of  the  child's  ever}'-day  life  should  be  care- 
fully scrutinized,  and  corrected  if  need  be.  The  company  of 
other  children,  the  schoolroom,  wliere  the  patient  is  old  enough, 
and  parental  efforts  to  extend  the  vocabulary  and  develop  under- 
standing, are  potent  adjuvants  when  available.  Under  such  con- 
ditions marked  improvement  is  often  obtained  when  organo- 
therapy is  resorted  to  to  compensate  for  the  deficient  hormones 
in  the  child's  organism. 

All  the  organs  of  special  sense,  the  <;hild's  environment, 
nutrition  and  general  state  of  health,  especially  as  regards  anemia, 
tuberculosis,  and  hereditary  syphilis  having  been  fathomed,  the 
condition  of  tlie  ductless  glands  must  be  inquired  into,  by  seek- 
ing for  the  various  stigmata  described  under  the  preceding 
headings.  Once  memorized  these  signs  are  readily  discerned  and 
the  underlying  cause  of  the  backwardness,  if  of  glandular  origin, 
is  soon  established.  It  is  well  to  bear  in  mind,  however,  in  many 
instances  the  signs  of  deficiency  of  any  one  gland  are  not  easily 
identified,  and  that  s}Tnptom-complex  of  several  glands  may 
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appear.  Thus  a  fat,  pudgy  child,  with  subnormal  temperature, 
especially  in  the  morning,  and  showing  perhaps  fat  pads 
over  the  clavicles  and  in  tlie  axillaa  may  prove  to  be  a  case  of 
hypothyroidism  with  secondary  deficiency  of  all  the  other  glands. 
But  this  same  case  may  also  be  one  of  hypopituitarism.  Here, 
however,  infantile  genital  organs  and  a  feminine  build  if  a  boy, 
and  other  signs  of  this  condition  described  under  the  preceding 
heading,  will  appear.  If  the  case  be  one  of  hypothyroidia,  the 
use  of  thyroid  gland,  1  grain  twice  daily,  with  Blaud's  pill  of 
iron  1  grain,  and  strychnine  %  grain,  exhibited  in  a  capsule, 
will  soon  improve  both  body  and  mind  by  promoting  the  forma- 
tion of  hemoglobin  and  the  vascular  tone.  If  the  pituitary  be 
at  fault,  pituitary  gland  powder  2  grains  with  Yo  grain  of  thy- 
roid, also  in  a  capsule,  twice  daily,  will  prove  beneficial,  but 
not  curative. 

If  the  th}Tnus  be  deficient  for  the  child's  age,  which  is  often 
the  case  when  larval  myxedema  is  present,  any  mental  torpor, 
the  tendency  to  answer  slowly  and  hesitatingly,  is  increased  and 
the  child's  osseous  system  will  most  likely  show  deformities  sug- 
gesting rickets  and  looseness  of  the  ligaments.  Cutaneous  dis- 
orders, especially  a  tendency  to  warts  and  eczema,  are  sometimes 
observed.  Powdered  thymus  gland,  in  5-grain  doses,  gradually 
increased  to  10  grains,  with  Yy  grain  of  thyroid  gland,  to  each 
capsule,  given  in  the  course  of  each  meal  and  2  grains  of  cal- 
cium lactate  after  meals  afford  marked  improvement  in  most 
instances.  In  some  the  general  health  is  greatly  improved, 
while  the  mental  deficiencv  remains  the  same.  In  other  cases 
the  mental  progress  is  commensurate  with  that  of  the  body. 

A  freckled,  weak  child — ^weak  in  the  sense  of  muscular  de- 
bility and  deveolpment,  is  apt  to  suffer  from  hypoadrenia. 
There  is  often  a  history  of  several  children's  diseases  during 
which  the  adrenals,  and  often  the  thyroid  and  thymus,  have  be- 
come the  seat  of  hemorrhagic  lesions  or  have  been  exhausted 
functionally,  thus  retarding  development,  including  that  of  the 
cerebrospinal  system.  Small  doses  of  thyroid,  y^  grain,  with 
1  or  2  grains  of  adrenal  gland  and  1  grain  of  iron  carbonate, 
mixed  in  a  capsule,  may  be  given  after  each  meal  to  a  child  of  7 
years.  Sweets  will  probably  be  craved;  the  child  should  not  be 
deprived  of  them  (some  parents  being  in  the  habit  of  forbidding 
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them  altogether)^  as  the  treatment  creates  an  increased  demand 
for  glycogen.  Pituitary  gland  is  sometimes  more  effective  than 
the  adrenal,  being  more  lasting;  the  powder  (Armour^s)  may 
be  given  in  doses  of  2  grains  three  times  a  day,  iron  carbonate 
1  grain,  and  %o  grain  thyroid  gland. 

An  important  feature  of  the  treatment  is  to  adjust  the  work 
allotted  to  the  child  to  his  mental  capacity.  The  Binet-Simbn 
system,  or  one  of  its  modifications — one  of  the  satisfactory  of 
which  is  that  by  Dr.  Goddard,  of  the  Vineland  (New  Jersey) 
Training  School,  is  employed  to  establish  accurately  tlie  degree 
of  intelligence  of  the  backward  child.  This  being  determined, 
the  child  is  placed,  where  the  municipality  provides  such,  in  a 
special  class  where  studies  are  carefully  adjusted  to  the  degree 
of  feeble-mindedness  established  by  tlie  Binet-Simon  test  in 
each  case.  Aided  and  encouraged,  but  not  goaded,  a  backward 
child,  thus  working  within  the  precincts  of  his  abilities,  often 
surprises  his  teacher  by  the  progress  shown,  particularly  when 
he  is  simultaneously  treated  organotherapeutically. 

In  the  vast  majority  of  communities  special  classes  for  back- 
ward children  are  not  available.  Tliis  is,  indeed,  poor  economy, 
for  while  instruction  and  a  trade  suited  to  the  degree  of  men- 
tality present  will  in  most  instances  enable  a  backward  pupil  of 
the  poorer  classes  to  eani  his  or  her  living,  such  individuals, 
unprotected  l)y  such  instruction,  will  ultimately  become  a  charge 
on  the  community,  as  a  pauper,  an  idiot,  or  as  a  convict.  Many 
years  of  total  and  therefore  expensive  dependence  are  thus  sub- 
stituted for  a  few  years  of  inexpensive  instruction.  All  com- 
munities capable  of  supporting  a  school  should  j)rovide,  singly 
or  collectively,  an  ungraded  class  under  a  teacher  sjx^cially 
trained  in  the  management  of  the  feeble-minded.  The  fact 
that  the  higher  brandies  of  study  are  not  required  simplifies  the 
acquisition  of  the  necessary  knowledge  by  a  lower-grade  teacher 
— if  temperamentally  suited  and  well  endowed  with  kindness 
and  patience.  Such  teachers  are  increasingly  in  demand,  not 
only  for  ])ul)lic  and  private  schools,  but  also  for  families  in 
which  a  defective  recpiires  competent  training.  Indeed,  an 
essential  feature  of  the  whole  question  should  never  be  lost 
sight  of,  viz.,  that  a  backward  pupil,  when  roughly  urged  to  use 
his  brain  beyond  its  powers  on  the  j)lea  of  laziness,  truancy,  etc.. 
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may  readily  be  converted  into  a  criminal.  Goaded  and  punished^ 
the  child  struggles  along  for  a  time  to  keep  up  with  his  normal 
classmates,  but  discouragement  eventually  replaces  willingness; 
he  becomes  irritable  and  stubborn,  and  finally  leaves  school  or  is 
dismissed  as  incorrigible.  Such  weaklings  readily  yield  to  the 
promptings  of  evildoers,  and  not  infrequently  find  their  way  to 
the  reformatory  or  prison. 

THE  PROPHYTAXIS  OP  MENTAL  DEFICIENCY  IN  CHILDREN. 

It  has  been  estimated  that  several  centuries  would  elapse 
before  eugenics,  which  aims  to  improve  mankind  through 
heredity,  would  prove  fruitful  to  any  material  degree.  Dr. 
Kehoc,  superintendent  of  the  Kentucky  Institution  for  Feeble- 
minded Children,  for  instance,  in  extolling  the  merits  of  the 
movement,  estimates  that  four  hundred  years  would  elapse  be- 
fore statistics  would  show  much  progress.  While  this  estimate 
is  probably  excessive,  the  fact  remains  that  it  will  take  several 
generations  to  attain  the  desired  results.  In  the  meantime  the 
number  of  mental  defectives  is  steadily  increasing.  The  full 
meaning  of  this  fact  imposes  itself  when  we  realize  that,  as 
stated  by  Barr,  of  Elwyn,  there  are  350,000  avowed  mental 
defectives  in  the  United  States,  3'^8,000  of  whom  are  at  large 
"perpetrating  unrestrained  the  defilement  of  the  race.''  The 
Russell  Sage  Foundation  has  shown,  moreover,  basing  its  esti- 
mate on  a  study  of  the  schools  of  thirty-one  American  cities,  that 
over  one-fiftli  of  all  the  children  in  the  public  schools  of  the 
United  States  belong  to  the  retarded  class. 

Eugenics  being  unable  to  inliibit  tlie  propagation  of  these 
unfortunates  for  the  time  being,  some  other  preventive  measure 
becomes  necessary.  From  my  viewpoint,  the  ductless  glands, 
which,  as  we  have  seen,  have  a  controlling  influence  over  the 
nutrition  and  development  of  the  body,  including  the  brain, 
supply  the  means  to  this  end  in  respect  to  the  various  grades 
of  idiocy  and  mental  backwardness  of  children. 

At  the  present  time,  the  offspring  of  feeble-minded  parents, 
though  known  in  advance  to  be  doomed  to  the  same  fate,  is 
permitted  in  utero  and  after  birth  to  follow  the  evil  trend, 
in  virtue  it  is  thought,  of  transmitted  hereditary  traits.  But 
the  ductless  glands  tend  to  elucidate  the  nature  of  these  traits. 
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ThiLB  we  have  witnessed^  in  all  the  articles  contained  in  the 
preeent  and  preceding  chapters^  the  intimate  functional  relation- 
ship that  exists  between  the  ductless  glands  and  the  organ  of 
mind.  Not  only,  as  is  well  known,  are  such  disorders  as  Addi- 
son^s  disease,  exophthalmic  goiter,  myxedema,  acromegaly,  etc., 
attended  with  abnormal  psychic  phenomena  in  a  large  propor- 
tion of  inatances,  but  mere  deficiencies  of  fimctional  activity, 
irrespective  of  any  active  pathological  process  in  any  one  of  the 
ductless  glands,  may  so  inhibit  the  nutrition  of  the  brain  as  to 
produce  the  various  forms  of  idiocy  and  mental  backwardness 
described  in  the  foregoing  pages.  It  is  thus  apparent  that  when 
such  diseases  are  met  in  the  offspring  of  feeble-minded  parents, 
it  must  have  been  through  the  inheritance  of  deficient  ductless 
glands  from  the  latter  or  through  them  from  ancestors. 

This  imposes  the  necessity  of  showing  that  diseases,  in- 
toxications and  otlier  causes  of  idiocy  are  capable  of  provoking 
lesions  in  the  ductless  glands  of  the  parents  or  ancestors.  Ample 
evidence  to  this  effect  is  available.  Alcohol,  gout,  lead  poisoning 
and  infectious  diseases  all,  we  now  know,  impair  the  functional 
activity  of  the  ductless  glands  either  by  provoking  organic 
lesions  in  them  or  in  their  nervous  supply  or  exhausting  them 
functionally.  Sj^hilis  has  been  shown  to  do  so  by  Fournier, 
Lacaze,  Sirena,  Furst,  Gulecke,  Marfan  and  others.  Tuber- 
culosis is  a  notorious  offender  in  this  connection,  Addison's  dis- 
ease, in  fact,  being  in  most  instances  due  to  tuberculosis  of 
the  adrenals;  but,  as  Kenon*®  states,  moreover,  all  the  ductless 
glands,  the  thyroid,  adrenals,  pituitary,  etc.,  are  the  seat  of  de- 
generative changes  in  tuberculosis.  Sabourin*®  has  recently 
emphasized  the  frequent  concurrence  of  hyperthyroidism  with 
the  latter  disease — a  pign  that  it  is  causing  excessive  functional 
activity  of  the  thyroid.  Rheumatism  is  so  frequently  accom- 
panied by  disorders  of  the  thyroid  that  the  connection  is  now 
generally  recognized.  Alcohol  is  also  a  common  offender;  the 
microphotograph  opposite  page  1333  in  the  second  volume  shows 
that  even  the  pituitary  ])ody  may  become  the  seat  of  fibrous  de- 
generation, which  means,  in  the  light  of  my  interpretation  of  the 
function  of  this  organ,  insufllciency  of  all  the  major  ductless 

^  R4non :     La   TribuDO  m^dicale,   July,   1911. 

*  Sabourln:    Arcbiyes  g^n^rales  de  mM.,   Jan.,  1914. 
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glands^  tlie  circulation  of  which  it  governs.  These  few  examples 
could  be  multiplied  almost  indefinitely.  They  will  suffice  to 
show,  liowever,  how  exposed  are  these  organs  to  functional  de- 
terioration by  the  very  pathogenic  factors  in  forbears  to  which 
idiocy  in  their  offspring  has  been  traced. 

That  so  many  different  morbid  conditions  should  be  able 
to  provoke  mental  deficiency  is  readily  explained  by  the  fact 
tliat  any  disease  capable  of  injuring  the  ductless  glands 
sufficiently  to  inhibit  their  functional  activity,  or  inherited 
insufficiemy  of  these  organs,  impairs  the  development  and  fwnc- 
tions  of  the  brain,  by  reducing  the  supply  of  secretions  this 
organ  requires  to  carry  on  these  physiological  processes.  We 
shall  see  in  a  succeeding  chapter  that  the  adrenal  secretion  cir- 
culates in  the  nerve-cell.  This  fact,  which  I  pointed  out  in  the 
first  edition  of  the  present  work  in  1903,  was  sustained  by  the 
experiments  of  Lichwitz*^**  in  1908.  The  thyroid  secretion  being 
necessary,  as  we  have  seen,  to  co-operate  with  the  adrenal  secre- 
tion to  carry  on  oxidation,  the  thymus  supplying  the  nucleins 
which  are  oxidized,  it  follows  that  deficiency  of  these  glandular 
products  must  entail  deficient  nutrition  of  the  cerebral  cells  and 
correspondingly  defective  mental  power. 

Under  these  conditions,  a  pregnant  defective  fails  to  supply 
her  fetus  tlie  ductless  gland  secretions  it  requires.  Why  permit 
this?  Why  seal  the  child's  fate  through  inactivity?  It  is  my 
firm  belief  that,  with  wliat  knowledge  we  have  of  the  ductless 
ghmds  even  at  the  present  time,  7ce  could  diminish  the  chances 
of  such  children  developing  into  meniat  defectives  by  supplying 
them,  through  the  intermediary  of  their  defective  mothers,  and 
after  birth  through  their  food,  the  secretions  they  lack  to  com- 
pi  etc  their  development. 

This  opinion  is  based  on  the  undoubted  influence  of  the 
various  ductless  glands  upon  every  phase  of  the  process  of  repro- 
duction. This  is  so  well  known  that  I  will  submit  but  a  frac- 
tion of  the  testimony  available  to  that  effect.  As  stated  by  Tel- 
ford Smith :  "The  thyroid  gland  of  the  mother  increases  during 
pregnancy  and  remains  enlarged  during  lactation,  showing," 
adds  this  author,  "that  it  is  connected  with  fcctal  development.'* 

>»Licbwitz:    Arch.   f.   exper.   Patbol.   u.  Phann.,   Bd.   58,   Hft.   3  u.   4,   S. 
221.  1908. 
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The  adrenals  are  also  known  to  be  enlarged  and  overactive. 
Neu,  moreover,  found  that  the  proportion  of  adrenalin  in  the 
blood  corresponded  quantitatively  with  the  activity  of  the  ges- 
tative  process,  including  the  period  of  pregnancy.  As  to  the 
pituitary,  it  was  found  to  be  overactive  during  pregnancy  by 
Comte  Launois  and  Mulon  and  others.  Swale  Vincent  states, 
in  fact,  that  it  may  enlarge  to  two  or  three  times  its  normal 
size.  That  the  th}Tnus  is  concerned  with  the  development  of 
the  offspring  both  during  uterine  life  and  after  birth  needs 
hardly  to  be  emphasized.  We  now  know  that  its  influence 
bears  mainly  upon  the  osseous  and  cerebrospinal  systems. 

As  to  the  effects  on  the  offspring  of  defective  ductless 
glands  in  the  parents,  they  may  be  illustrated  by  tlie  statement 
of  Hertoghe  that  "where  the  mother,  for  instance,  has  at  her 
disposal  a  sufficient  store  of  thyroid  secretion  the  child  does 
well,  whereas  if  there  is  thyroid  insufficiency,  especially  if  there 
is  a  history  of  inherited  disease,  alcoholism,  etc.,  the  child  will 
probably  be  a  myxedematous  cretin.  .  .  .  Should  the 
maternal  taint  be  slight,  the  child  will  be  merely  backward.^^ 
That  the  deficiency  of  thyroid  of  a  defective  mother  of  the  type 
referred  to  by  Hertoghe  influences  her  offspring  is  well  shown 
by  a  ease  of  ^Fosse's,'^^  in  wliich  a  goitrous,  feeble-minded 
mother  gave  birth  to  a  puny,  goitrous  infant.  The  child  being 
breast-fed,  tliyroid  gland  was  administered  to  tlie  mother,  with 
considerable  benefit  to  her,  but  with  early  disappearance  of  the 
goiter  in  the  child,  whose  health,  moreover,  became  excellent. 
This  was  evidently  due  to  the  action  of  the  thyroid  gland  acting 
through  her  milk,  for  Bramwell^-  observed  a  case  in  which 
hyperthyroidism  was  causedH  in  an  infant  by  administering  thy- 
roid gland  to  its  mother,  who  nursed  it.  Everyone  knows, 
moreover,  tliat  both  thyroid  gland  and  pituitary  markedly 
activate  lactation. 

On  the  whole,  the  intimate  relationship  between  the  duct- 
less glands  and  everything  that  concerns  reproduction,  the 
great  relative  size  of  tlie?e  organs  in  the  product  of  conception, 
and  the  teachings  of  practical  experience  in  organotherapy,  all 
tend  to  indicate  that  whenever  the  father  or  mother  is  a  mental 

"M0880:     BuUetin   de  I'Acad.    de   M^d.    de   Paris,   April  12,    1398. 
"Bramwell:     London    Lancet,    p.    692,    1898. 
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defective  or  one  or  both  parents  show  any  sign  of  deficient 
activity  of  one  or  more  ductless  glamls,  or  whose  history  includes 
syphilis,  epilepsy,  tuberculosis,  or  chronic  alcoholism,  organo- 
therapy should  be  instituted  as  soon  as  pregnancy  is  recognized. 

Prophylactic  Treatment. — To  determine  tiie  course  to 
follow,  the  stigniata  of  deficiency  of  each  of  the  major  ductless 
glands  should  be  ascertained.  In  most  cases  the  signs  of  defi- 
ciency of  one  of  the  glands  predominate,  and,  such  being  the 
case,  the  use  of  that  gland  therapeutically  as  dominant  constit- 
uent of  the  coml)ination  employed  will  procure  the  better  re- 
sults. These  signs  have  been  given  in  the  foregoing  articles  of 
this  chapter  (see  pages  279,  288,  300,  302,  and  308),  to  which 
tlie  reader  is  referred.  If  the  myxedematous  type  prevail,  thy- 
roid gland  should  be  the  dominant  constituent;  if  the  Mongolian, 
the  thynms,  etc.,  the  other  organic  products  being  given  with  it 
to  provide  for  the  developmental  oqiiii)oisc  of  the  fetus,  deficiency 
of  one  gland  entailing  deficient  activity  of  the  others.  As  we 
have  seen  also,  all  the  ductless  glands  may  be  organically  dis- 
eased or  deficient  in  the  parent,  in  tuberculosis  for  instance;  in 
such  a  case  the  stigmata  of  several  glands  may  appear,  though 
not  prominently.  For  the  diagnosis  and  treatment  of  such  cases, 
the  general  lines  advocated  for  backward  children  (see  page  311) 
will  servo,  the  doses  being  increased  to  those  suited  for  an  adult. 
Additional  hints  are  given  at  the  end  of  the  present  article. 

The  pregnant  mother  having  been  carefully  treated  organo- 
therapeutically  according  to  the  stigmata  she  presents,  the  infant 
will  be  supplied  iti  utero  with  the  secretions  required  to  build 
up,  not  only  its  nervous  elements,  but  also  its  osseous,  muscular, 
cardiovascular,  cutaneous  and  other  systems.  It  will  also  be  pre- 
pared to  develop  normally  after  birtli,  provided  the  treatment  be 
continued.  This  may  be  done,  as  previously  stated,  either 
through  the  maternal  milk  or,  if  the  infant  be  fed  artificially, 
by  adding  the  organic  agents  to  its  milk.  Besides  protecting 
the  child,  organotherapy  protects  the  mother  against  renal  dis- 
orders, eclampsia,  etc.,  by  increasing  the  antitoxic  power  of  the 
blood  and  thus  preventing  the  accumulation  of  toxic  wastes 
which  cause  these  disorders. 

The  continuation  of  prophylactic  treatment  through  the 
maternal  milk  after  birth  will  do  more  than  approximately 
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restore  the  developmental  balances^  physical  and  psychic,  of  the 
child ;  it  will  aerre  to  protect  it  against  disease.  Indeed,  the  milk 
of  a  normal  woman  does  more  than  feed  her  suckling;  it  is  now 
known  to  protect  the  infant  against  infection  by  means  of  fer- 
ments which  correspond  in  their  physicochemical  properties  with 
those  of  the  ductless  glands.  In  a  mentally  defective  woman, 
however,  the  probability  (shown .by  autopsies)  that  one  or  more 
glands  may  be  defective  gives  her.  milk  a  doubtful  character; 
hence  the  need  of  continuing  the  u^  of  organic  products.  Cows' 
milk  contains  all  the  defensive  ferments  referred  to^  but,  unless 
it  can  be  administered  absolutely  fresh,  its  protective  properties 
disappear,  the  milk  then  becoming  an  excellent  culture  medium 
for  pathogenic  organisms.  Cows'  or  goats'  milk  fed  to  the 
infant  immediately  after  being  drawn  from  the  udder,  and  not 
Pasteurized — since  this  measure  destroys  some  of  the  ferments 
— ^will  alone  sustain  the  effects  of  the  treatment  begun  in  utero. 
Even  under  these  conditions,  however,  the  use  of  organic 
products  with  the  milk  is  advisable,  the  tendency  of  all  children 
thus  treated  being  to  recede  unless  this  is  done,  at  least  until 
their  own  ductless  glands  acquire  sufficient  power  to  carry 
on  their  functions  normally.  The  results  in  these  little  pa- 
tients, especially  when,  as  is  the  case  in  most  instances,  the 
predominant  stigmata  are  of  thyroid  origin,  are  sometimes  sur- 
prising. 

Another  feature  which  the  teachings  of  clinical  experience 
have  emphasized  is  tliat  tlie  younger  the  child  the  greater  are 
the  chances  of  restoring  its  psychic  functions,  if  these  have  failed 
to  develop.  After  tlie  first  few  years  of  life,  some  improvement 
is  obtained  from  organotherapy,  but  this  is  far  from  being  ideal. 
This  indicates  plainly  that  the  development  of  all  infants  should 
be  closely  watched  by  the  family  physician,  particularly  if  the 
family  history  is  tainted,  the  physical  and  mental  growth  being 
compared  with  that  required  by  normal  standards.  Any  de- 
parture from  the  latter  should  be  the  signal  for  a  careful  exami- 
nation of  the  organs  of  special  sense  of  the  child,  the  manner  in 
which  it  u  fed,  etc.,  and  if  its  conditiofh  cannot  be  accounted 
for  through  these  factors  and  removed,  organotherapy  should  be 
instituted. 

The  thousands  of  purely  functional  defectives  which  the 
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country  t-ontains  are,  as  we  liave  seen,  judging  from  personal 
cases,  the  children  of  parents  in  whom,  in  most  instances^  clearly 
defined  stigmata  cannot  be  discerned.  This  means  that  any 
infant  may  become  a  defective  unless  its  development  be  closely 
watched  by  the  attending  physician.  At  the  present  time,  the 
evil  trend  is  discovered  too  late  to  save  the  child's  mind.  Were 
every  infant  cloj?ely  watched  from  birth,  and  its  development, 
physical  and  mental,  compared  with  that  of  a  normal  child 
(standard  tables  being  available  in  most  works  on  pediatrics), 
timely  treatment  could  be  instituted  and  a  large  proportion  of 
them  redeemed.  In  addition  to  the  use  of  organic  products  in- 
dicated by  the  stigmata  discovered,  the  special  senses  should  be 
cultivated,  external  impressions  being  all  important  factors  in 
psychic  development.  It  should  be  remembered  also  that  dis- 
orders of  the  eyes,  ears,  nose,  and  nasopharjTix  may  be  the 
underlying  cause  of  defective  mental  development  in  infants. 

All  this  bears  only,  of  course,  upon  the  defectives  clearly 
traceable  to  inherited  tiiints,  all  types  of  idiocy  up  to  and  in- 
cluding the  backward  child  of  our  schools  being  meant.  As  in 
insanity  in  general,  two  great  classes  of  idiocy  are  recognized: 
the  organic,  in  which  traumatism,  hemorrhage,  gummata,  etc., 
have  caused  more  or  less  local  izxnl  lesions  of  brain-tissue  and 
compromised  psychic  functions;  and  the  functional,  in  which  no 
organic  lesions  are  present  to  account  for  the  mental  defect. 
It  is  in  this  functional  type  that  heredity  finds  its  greatest  field. 
Unfortunately,  as  is  well  known,  a  large  proportion  of  idiots 
sliow,  post  inoriem,  lesions  of  the  brain  such  as  sclerosis,  atro- 
pliy,  softening,  etc.,  which  no  longer  are  cultivable  soils.  Yet, 
distinct  improvement  is  often  obtainal)le  even  in  such  cases.* 
This  is  because  the  degenerated  areas  are  seldom  bilateral  and 
the  corresponding  areas  on  the  opposite  side  of  the  brain  can 
thus  be  made,  through  improved  nutrition  and  oxidation,  to 
compensate  to  a  remarkable  extent,  sometimes,  for  the  short- 
comings of  the  functionless  areas.  Even  these  areas  are  some- 
times subject  to  improvement,  Cattani,  Klebs  and  others  having 
shown  that  regeneration  occurs  occasionally  when  the  lesions 
are  comparatively  slight  and  of  recent  formation. 

Organic  lesions  of  the  ductless  glands  of  the  infant  may 
also  complicate  the  situation.    Both  these  and  the  brain  lesions 


PROPHTUUCIS    OF    MENTAL    DBFICIENCT    IN    CHILDREN.         321 

may  be  caused  by  an  accumulation  of  toxic  wastes  during  the 
pregnancy — the  same  intermediate  wastes  which  cause  nephritis 
and  puerperal  convulsions.  The  intense  vascular  tension 
awakened  gives  rise  to  hemorrhagic  foci  in  tlie  brain  and  duct- 
less glands^  with  resulting  impairment  of  the  organ  of  mind. 
This  emphasizes  anew  the  commanding  importance  of  the  ad- 
vice of  obstetricians  to  watch  the  kidneys  closely  during  preg- 
nancy. The  most  frequent  sources  of  lesions  of  the  ductless 
glands^  however,  are  the  diseases  of  childhood.  It  is  only  a  few 
years  since  some  textbooks  of  practice  condemned  precautions 
to  avoid  measles  on  the  plea  that  the  sooner  it  was  over  the 
better  for  the  child!  But  we  know  today  how  pernicious  was 
such  advice.  Not  a  small  proportion  of  the  cases  of  idiocy  we 
meet  date  from  some  children's  disease  during  which  hemor- 
rhage into  the  ductless  glands  compromised  their  functional 
integrity  sufficiently  to  arrest  cerebral  development. 

Here  again,  however,  pessimism  as  to  results  is  not  war- 
ranted if  the  child  is  seen  early  enough.  A  characteristic  feature 
of  the  ductless  glands  is  their  tendency  to  hypertrophy  when 
the  normal  glandular  tissue  left  after  local  lesions  is  sufficient 
to  carry  on  their  functions.  Thus,  one-eleventh  of  the  ad- 
renals suffices  to  insure  this  and  one-fifth  of  the  thyroid,  also, 
provided  tlic  paratliyroids  are  unliarmed.  If,  however,  what 
remains  of  the  ductless  glands  of  the  child  is  not  sufficient  to 
sustain  adequately  general  nutrition  and  brain  development, 
organotherapy  will  serve  to  compensate  for  the  glandular  de- 
ficiency. We  recognize  these  cases  by  the  fact  that  they  soon 
recede,  after  distinct  improvement,  as  soon  as  the  remedy  is 
stopped  and  resume  progress  when  the  treatment  is  restored. 
But  perseverance  will  elicit  the  fact  that  smaller  doses  will  meet 
the  needs  of  the  cases  after  a  time — evidence  to  the  effect  that  the 
ductless  glands  themselves  are  increasingly  meeting  the  demands 
of  the  organism.  If  the  little  patient  is  young  enough,  tlie  time 
may  come  when  no  treatment  will  be  required. 

Of  the  organic  agents  indicated  in  these  cases,  my  prefer- 
ence has  been  so  far  for  the  desiccated  gland  in  powder  form. 
Experience  has  sliown  that,  where  simplicity  prevails  in  the  use 
of  these  agents,  the  patients  tend  better  to  persist  in  their  use. 
Again,  powdered  glands  of  a  different  kind  can  be  conveniently 
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c-oinbiiicd  and  given  to  adults  in  capsules  or  mixed  with  the  milk 
given  to  in  fan  t^^  unless  they  are  breast-fed^  when  the  gland  is 
admin isteri'd  to  the  mother^  her  milk^  we  have  seen^  transferring 
the  remedy  to  the  suckling.  In  some  instances^  the  unpleasant 
taste  given  to  the  milk  causes  the  child  to  refuse  it.  Then  a  fluid 
preparation  may  be  given  when  such  is  available. 

In  cases  of  maternal  liypothyroidism^  1  grain  of  desiccated 
tliyroid  ghmd  may  be  given  three  times  a  day,  during  meals. 
Mental  defectives  require  somewhat  larger  doses.  For  infants 
the  dose  must,  of  course,  vary  with  the  age  of  the  little  patient; 
}\n  grain  is  a  suitable  dose  for  an  infant  1  month  old;  this  may 
\k'.  increased  by  the  siime  quantity  for  each  month;  a  2-month- 
old  infant  being  given  %  grain,  etc.  As  a  rule,  a  year-old  baby 
stands  1  grain  daily  witliout  trouble.  Adrenal  gland  may  be 
given  to  adults  in  whom  adrenal  stigmata  are  present,  in  2- 
grain  doses,  gratlually  increased  to  5  grains  unless  constipation 
follow  its  use.  Pituitary  gland  powder,  2  grains  three  times 
daily,  is  more  efficacious.  For  the  infants  of  such  subjects 
j)ituitrin — a  li<iuid  extract  of  the  infundibular  portion  of  the 
j)ituitary — in  drop  doses  in  the  milk  to  begin  with,  and  in- 
creased as  required,  is  more  effective  than  any  preparation  of 
the  adrenals.  Thymus  gland  may  be  given  in  from  5-  to  15- 
grain  doses  to  the  mother  and  1-grain  doses  to  the  infant,  grad- 
ually increased  to  the  point  of  tolerance.  This  organic  product 
is  n()t  always  reliable  and  it  is  sometimes  necessary  to  use  the 
"neck  sweetbread"  of  butchers  instead.  The  compound  syrup 
of  hypoj)hosphites  is  helpful  when  given  with  thymus  gland. 
Often,  a  combination  of  these  agents  will  doubtless  hasten  im- 
j>rovement.  All  cases  in  which  organotherapy  is  resorted  to 
must  he  watched  closely  to  obviate  untoward  effects.  The  dosage 
must  be  adjusted  to  each  case,  susceptibilities  to  organic  agents^ 
and  notably  thyroid,  varying  considerably. 

Dpjvklopment  of  the  Senses. — Reference  has  been  made 
to  the  importance  of  the  senses,  most  of  which  are  developed 
at  birth,  in  the  psychic  development  of  the  infant.  Wlien  any 
of  them  show  distinct  evidence  of  lagging  behind,  measures, 
some  of  which  are  submitted,  should  be  taken  to  favor  their 
develo]>ment. 

Hearing. — Even  in  the  infant,  the  auditory  apparatus  and 
the  word-hearing  center  which  constitute  the  main  cerebral 
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mechanism  of  language  are  liighly  receptive.  We  have,  there- 
fore, in  the  apparently  meaningless  terms  of  endearment  and 
praise,  the  prattle  of  other  children,  the  cradle  songs,  and  other 
forms  of  music,  especially  instrumental  music,  frequently  re- 
peated simple  words,  particularly  if  connected  with  some  crav- 
ing which  the  child's  instinct  will  inspire,  such  as  that  for  food, 
including  the  breast  or  bottle,  etc.,  as  many  sources  of  stimula- 
tion which  co-operate  efficiently  vrith  the  organotherapeutic 
measures  adopted.  With  patience  and  perseverance  and  much 
repetition — ^virtues  extolled  in  this  class  of  cases  by  the  late 
Edouard  Seguin — ^unexpected  results  are  sometimes  attained. 

Vision, — ^A  careful  examination  by  an  ophthalmologist 
having  shown  that  no  organic  disease  of  the  visual  apparatus 
exists  to  account  for  the  apparent  blindness,  or  defective  vision, 
and  appropriate  medication  having  l)een  instituted,  resort  should 
be  had  to  out-of-door  life,  ami  to  various  glittering  objects  to 
excite  the  retina  and  through  it  the  visual  apparatus, — first,  as 
the  vision  is  weakened  by  bandages  over  the  eyes  or  the  dark 
rooms,  so  can  it  be  stimulated  by  daylight.  The  baby  coach  is 
of  great  aid  in  this  connection,  its  hood  serving  to  shade  the 
eyes,  without  interfering  with  the  entrance  of  the  surrounding 
bright  light  throu<rli  the  retina.  The  retinal  muscles  and  tiiose 
of  accommodation  and  motion  are  also  stimulated  out-ofjdoors 
through  the  many  factors,  distance,  variefrated  coloring,  moving 
objects,  etc.,  whicli  a  nursery  does  not  supply.  A  glittering  call- 
bell,  several  bright  teaspoons  tied  together  in  such  a  way  as  to 
cause  them  to  jingle  when  sliaken,  a  shining  baby  rattle,  etc., 
will  enlist  the  help  of  the  sense  of  hearing,,  and  alTord  the 
mother  a  clue  to  the  progi-ess  made  as  regards  directed  vision. 
The  distressing  vagueness  so  characteristic  of  these  little  pa- 
tients when  they  attempt  to  see  anything  will  at  first  breed 
discouragement  in  the  attendant,  but  patience,  aided  by  appro- 
priate treatment — direct  or  transmaternal — and  the  steady  de- 
velopment of  attention  and  interest  ultimately  afford  reward 
for  patient  efforts. 

Smell  and  Ta.stc, — One  of  the  leading  features  in  the  recog- 
nition of  mental  deficiencv  earlv  in  a  child's  life  is  that  where 
organic  lesions  do  not  exist:  the  nervous  system,  which  normally 
would  be  in  process  of  rapid  development,  responds  with  greater 
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activity  than  later  to  the  influence  of  remedies,  especially  or- 
ganic jirepa  rat  ions  which  actually  nourish  the  nerve-cell  and 
sustain  iU  metabolism.  The  olfactory  and  gustatory  apparatus 
tlms  develop  more  rapidly  than  in  the  older  child,  in  whom  the 
morbid  process  is  more  firmly  established  and  therefore  more 
resistant. 

Important  in  this  connection  is  the  fact  that  where  any  or 
all  tlic  special  senses  show  any  marked  degree  of  deficiency,  the 
tliymic  nuclcins  should  be  supplemented  by  a  preparation  of 
pliosj)li()rus.  Of  special  value  in  this  ct)nnection  is  the  official 
syrup  of  liypophosphites,  which  also  contains  a  small  dose  of 
strychnine,  J^io-grain  to  the  drachm  of  syrup. 

Cuiancous  ."^ensihiJlli/. — The  usual  means  to  develop  touch 
— smootli  and  rough  surfaces,  buttoning,  warm  and  cold  surfaces, 
etc.,  used  for  older  eliildrcn — arc  useless  for  infants.  These  re- 
quire measures  whicli  excite  the  entire  surface.  In  some  mental 
defectives  the  tem])erature  sense  is  so  obtund€»(l  that  a  hot  object, 
whicli  normally  causes  rapid  witlidrawal  of  the  hand  in  con- 
tact with  it,  fails  even  to  attract  their  attention.  And  yet  these 
same  ehildren,  who  will  appear  dull,  sleepy  and  torpid  in  cold 
weather,  will,  during  warm  woatiier  or  under  the  influence  of  a 
mild  febrile  pnucss.  lunonie  unusually  briglit  and  active.  Why 
is  this?  It  is  due,  from  my  viewj)()int,  to  a  physical  phenom- 
enon tile  far-reaching  ini]H)rtan(r  of  whicli  I  have  long  urged, 
viz..  that  irhilf  frrninifs  nirn/  on  metahollsni  in  all  iissueSj  the 
frniprnthirr  to  which  ihcsr  fcrnienfs  are  subject ed  in  the  tissue- 
cells  i/orerns  Ihe  rule  of  mciuholisnt  In  ihose  cells.  Hence, 
warmth  applied  to  tlie  surface  enhances  metabolism  and,  there- 
fore, the  vital  activities  of  the  entire  organism.  We  therefore 
have,  in  hot  baths  twice  daily,  or,  in  heliotherapy,  exposing  the 
nude  body  to  solar  heat  during  prolonged  periods,  as  is  now 
successfully  done  in  the  treatment  of  osseous  and  glandular 
tuberculosis,  potent  aids  in  the  treatment  of  these  cases. 
Indeed,  l»y  su])plying  the  infant  the  glandular  substances 
wliicli  carrv  on  its  vital  functions  and  simiiltaneouslv  heat  to 
raise  the  activity  of  these  functions  to  their  highest  potential, 
we  antagonize  precisely  the  slowness  of  metabolism  in  all  tissues 
— including  the  cerebrospinal  system — to  which  the  hereditary 
forms  of  idiocv  and  mental  backness  are  due. 


CHAPTER    VII. 

THE  ADRENAL  SECRETION  AND  FUNCTIONAL 

ACTIVITY. 

In  the  first  six  editions  I  analyzed  at  length  (1)  the  process 
through  which  the  adrenal  secretion  (converted  in  the  lungs 
into  adrenoxida^e,  the  oxidizing  constituent  of  the  haemoglobin) 
carried  on,  from  my  viewpoint,  its  functions  in  various  organs, 
and  (2)  the  manner  in  which  the  nervous  system  governed  its 
distribution.  Brieflv,  I  submitted  the  view  that  in  the  skeletal 
muscles  and  the  lachrymal,  salivary,  sweat  and  mammary  glands 
as  examples  of  other  organs,  the  adrenoxidase  was  tlie  physico- 
chemical  agent  through  which  cellular  metaJ3olism  was  sustained 
by  oxidation,  and  tliat  there  were  two  phases  to  this  process: 
the  passive,  during  which  the  organ  was  inactive  owing  to  the 
reduced  quantity  of  adrenoxidase  supplied  to  tlie  tissue-cells  by 
the  artificial  blood ;  and  the  active,  during  which  a  more  or  less 
great  inereai^e  of  adrenoxidase  reached  these  cells  in  a  cor- 
resj>ondinfrly  «^rea.ter  volume  of  arterial  l)lood,  initiated  and  sus- 
tained functional  activity  in  tliat  same  organ. 

As  to  tlie  manner  in  whicli  the  distribution  of  adrenoxidase 
was  carried  on,  I  submitted  the  evidence  which  bad  led  to  the 
conclusion  that  two  kinds  of  nervas  took  part  in  the  process:  1, 
motor  or  secreto-niotor  fibers  su})plied  by  one  of  tlie  cranial 
nerves  (the  pneumoLrastric,  facial,  etc.)«  the  terminals  of  which 
caused  the  arterioles  to  the  orpins  to  dilate  and  to  admit  an 
excess  of  the  oxidiziiiir  substance  of  the  blood,  adrenoxidase,  into 
their  cellular  elements,  thus  initiating  active  function,  e.g., 
contraction,  secretion,  et<*. ;  *2,  constrictor  libers,  supplied  by  the 
sympathetic,  wliieli  caused  tlie  ])reviously  dilated  arterioles  to 
contract,  when  this  active  function  was  to  cease,  thiL<  diminish- 
ing the  sii])ply  of  adrenoxidase  to  the  orpin.  This  subject 
being  considiTcd  at  leuL-i^h  in  the  second  volume  with  explana- 
tory illustration-,  the  reader  is  referred  to  that  volume,  pages 
1115  and  lis."). 
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Till'  saino  method  of  nervous  c-ontrol  was  shown  to  prevafl 
in  tlie  stomach — (lijiestioii  being  initiated  by  dilation  of  its 
arterioles  thnnijjh  tlie  pneumogastric  and  arrested  by  the 
synipathetie — and  also  in  the  intestines.  These  organs  were 
shown,  however,  to  initiate  a  defensive  process  against  toxic 
proteins,  baeteria  and  their  toxins,  etc.,  by  means  of  their  secre- 
tions and  also  thnmgh  ]>hagocytes  supplied  by  the  agminated 
follieles.  The  ea*cuni  was  included  in  this  defensive  mechanism^ 
the  vermiform  appendix  aiding  it  by  supplying  phagocytes  and 
a  secretion  rich  in  bactericidal  and  antitoxic  antibodies.  This 
wiiole  subject  is  also  considered  in  the  8ecH)nd  volume  (four- 
teenth chapter),  to  which  the  reader  is  referred. 

'I' lie  same  features  will  now  be  considered  in  their  relation 
with  the  liver,  j)ancreas,  spleen,  cardiovascular  and  pulmonar}' 
svstems  and  the  kidnevs. 

TIIK  LIN'KIl  AND  ITS  PnYSICO-CIIEMIGAL  FUXCTIONS. 

(/oiisidcraljlo  evidence  is  available  to  show  that  oxidation 
is  one  of  the  most  active  factors  of  hepatic  functions,  and  yet 
it  must  he  adniittetl  that,  according  to  ])revailing  views,  there 
is  no  idood-suj)ply  capable  of  accounting  for  this  powerful 
source  of  energy.  To  the  portal  vein,  essentially  a  channel 
for  j)liy>iol()gically  impotent  blood, — i.r,,  blood  replete  with  the 
waslc-products  of  four  important  organs  and  the  oxygen  of 
wliicli  lias  been  utilized  in  these  organs, — is  ascribed  this  pre- 
pomlerating  role.  On  the  other  hand,  the  hepatic  artcrj'  is 
tlionglit  to  sup])ly  the  liver  *'with  the  blood  of  nutrition.''  Text- 
books on  i)hysiology,  therefore,  seldom  refer  to  this  vessel; 
works  on  histology  hardly  grant  it  more  than  two  or  three  lines, 
if  thev  refer  to  it  at  all.  In  textbooks  on  anatomy  it  receives 
more  attention,  but  only  in  its  general  topographical  bearing. 

As  viewed  from  my  stand])oinr,  ilic  he/Hifw  artery  does  not 
only  supply  the  liver  with  its  nutrHional  htood,  but  simiiltane' 
owily  with  the  blood  upon  whuh  all  its  functions  depend. 

To  develop  this  proposition  a  review  of  the  histology  of 
the  lobule  is  necessary.  Clarkson^  gives  the  following  com- 
plete, though  succinct,  description  of  this  wonderful  little  body 


iClarkson:     •'Textbook  of  Histology,"   1896. 
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— about  one-twentieth  of  an  inch  in  diameter — and  which  in 
itself  has  been  termed  a  "miniature  liver^^: — 

"A  lobule  of  the  liver  is  polygonal  in  shape,  and  is  com- 
posed chiefly  of  a  number  of  gland-tubes,  which  radiate  from 
near  the  center  of  the  lobule  to  the  periphery,  where  they  open 
into  their  ducts.  Thus,  the  blind  terminal  end  of  the  tube  is 
turned  toward  the  center  of  the  lobule;  the  ducts  at  the  pe- 
riphery lie  in  the  interlobular  connective  tissue,  which  to  the 
naked  eye  marks  the  boundaries  of  the  lobule. 

*The  blood  brought  to  the  liver  by  the  portal  vein^  is 
conveyed  along  its  subdividing  branches  till  the  ultimate  sub- 
divisions are  reached,  which  lie,  together  with  the  bile,  in  the 
connective  tissue  surrounding  the  lobules.  Here  capillaries  arc 
given  off  which  pierce  the  lobule  and  pass  between  the  radiat- 
ing gland-tubes  to  reach  the  center,  where  they  open  into  the 
intralobular  radicle  of  the  efferent  vein  of  the  liver,  the  hepatic 
vein.  These  small  hepatic  radicles  open  into  the  larger  vessel, 
— ^the  sublobular  vein, — and  the  sublobular  veins  unite  to  con- 
tribute to  the  hepatic  vein  itself.  The  walls  of  the  branches 
of  the  hepatic  vein  are  destitute  of  muscular  fibers  and  the 
adventitia  is  extremely  thin.  The  radiating  gland-tubes  anas- 
tomose laterally  with  each  other,  as  do  the  capillaries  also. 
The  meshes  of  the  net-works  are  elongated  in  a  radical  direction. 
Thus,  a  lobule  is  composed  of  a  radiating  system  of  gland-tubes 
and  a  corresponding  radiating  system  of  capillaries  lying  be- 
tween them.  A  very  minute  quantity  of  connective  tissue 
accompanies  the  capillaries  as  an  adventitia  and  in  this  lym- 
phatic channels  are  to  be  found  separating  the  gland-tubule 
from  the  blood-vessel. 

"The  lobule  is  surrounded  (in  part  or  whole)  with  con- 
nective tissue  supporting  branches  of  the  afferent  portal  vein, 
— the  feeder  of  the  capillary  net-work, — and  the  bile-ducts, 
which  receive  the  secretion  of  the  gland-tubules.  Thus,  the 
blood  flows  from  the  periphery  to  the  center  of  the  lobule;  the 
bile,  from  the  center  to  the  periphery. 

"But  in  addition  to  the  afferent  portal  vein  and  the  bile- 
ducts  another  vessel   is  found  in  the   interlobular  connective 


*  The  italics   are  my   own. 
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tisc^ue.  This  is  the  ht'iatic  artery,  which  supplieB  blood  for  the 
nutrition  of  the  connective  tissue  of  the  organ,  the  Yesael-walls, 
ite.  It  ultimately  terminates  in  the  small  portal  veinfl^  and 
piThaps  panly  in  the  capillaries  in  the  periphery  of  the  lob- 
ules." 

There  exists  some  uncertainty  as  to  the  manner  in  which 
tho  suUHvisions  of  the  hepatic  artery  are  related  to  the  other 
jH^ri Nebular  and  intralobular  vessels.  Pick  and  Howden*  refer 
to  ii<  tcnninal  distribution  as  follows:  "Finally,  it  gives  oflE 
interlobular  branches,  which  form  a  plexos  on  the  outer  side 
of  each  lobule,  to  supply  its  wall  and  the  accompanying  bile- 
ducts.  From  this  lobular  branches  enter  the  lobule  and  end  in 
tho  capillary  net-work  between  the  cells.  Some  anatomists, 
however,  doubt  whether  it  transmits  any  blood  directly  to  the 
eapillary  net-work."  Harrison  Alleii^  says:  '^Each  lobule  is 
a  miniature  liver  having  at  its  [H^riphery  between  the  lobules 
branches  of  the  portal  vein  and  hepatic  artery  (interlobular 
branolus)  which  fnn^ly  intercommuntcate  and  form  through  the 
Inhule.  between  its  periphery  and  center,  a  capillary  net-work. 
ninrtly  at  the  center  the  venules  of  this  net-work  (intra- 
b^bulnr  vessels)  converjre  to  form  radicles  of  the  hepatic  vein.'* 
l-riibauio-Lairrave*  states  that,  "as  regards  the  divisions  (of  the 
hepatic  artery)  destined  for  the  lobules,  they  penetrate  con- 
jointly with  interlobular  veins,  hut  wiihoitt  communicating  with 
1 1  torn,  in  the  interior  of  the  lobule,  in  the  form  of  capillaries 
distributed  t«>  the  crtifral  vein."  In  the  presence  of  these  di- 
vergent views,  which  but  exemplify  those  of  other  authors^ 
mir  only  choice  lies  in  the  selection  of  the  one  region  which 
all  authors  seem  to  consider  as  reached  by  the  artery:  i.e..  the 
periphery  of  the  lobule.  But,  as  all  concede,  also,  that  the 
arterial  capilhiries  penetrate  in  one  way  or  another  to  the 
intralobular  supply,  we  will  adopt — though  we  believe  that 
Harrison  Allen's  definition  is  the  true  one — the  more  con- 
servative distribution  indicated  in  the  annexed  engraving  by 
Piersol,  who,  in  accord  with  many  histologists,  describes  the 


» Pick    and    Howden:     "Gray's   Anatomy";    edition.   1901. 

*  Harrison    Allen:     "Human    Anatomy."    1884. 

'•  Labadic-Lagravt:      "Trait6    des    Maladies    du    Fole."    1892. 
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hepatic  artery  as  "supplying  nutrition  to  the  interlobular 
Btructures  and  terminating  in  tlie  lobular  capillary  net-work." 
A  noteworthy  feature  of  the  capillary  net-work  envelop- 
ing the  cellular  bodies  is  that  each  mesh  does  not  merely  cover 
one  cell,  but  several.  Indeed,  were  it  otherwise,  the  bile- 
capillaries  could  not  exift  as  individual  channels  and  give  an 
uninterrupted  free  way  to  their  contents  without  allowing  the 
bile  to  penetrate  the  biood-stream.  To  prevent  this,  and  yet 
simultaneously  insure  perfect  exposure  to  the  blood  and  Ij-mph, 
a  very  simple  arrangement  exists:    i.e.,  three  or  more  of  the 
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cells  (usually  polyhedral)  are  joined  longitudinally,  and,  while 
the  narrow  passage  in  the  center  of  the  group  thus  formed 
serves  as  a  bile-channei,  the  outside  only  is  in  contact  with 
the  blood-  and  lymph-  capillaries.  When  only  two  cells  are 
thus  joined,  the  surfaces  in  contact  have  in  their  center  a  small 
opening,  which,  being  adjusted  to  that  of  the  adjoining  cell, 
insures  the  conlinuity  of  the  channel.  It  thus  becomes  clear 
that  tlie  blood-pliisma  may  penetrate  the  cell,  undergo  or  in- 
duce metaboH.*m  therein,  and  the  prmluct  pass  out  through 
the  intercellular  biliary  pasi-ages  or  bile-capillaries.     Tlie  cells 
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art>  *iii  jiiiurtl  a#  to  furin  continuous,  thoufch  correlated,  chan- 
iiiU.  wliii.'li  riulintf  froin  tht'  center  of  the  lobule  to  its  periph- 
(Tv,  whvTv  ihrv  join  tlic  interlobular  bile-chaimelB. 

T]u>  intiniiitt<  .structure  of  the  hepatic  cell  is  peculiar.  It 
p<.is!4<-i):i's  nu  limiting  inenihrane ;  but  its  peripheral  protoplasm 
is  niori'  iloiiw  than  that  of  lU  other  parts  and  the  pseudocoT- 
erin^  so  furniol  M>r\-es  as  the  outer  wall  for  ntimerouB  caritiee 
or  vacuoh'^  which  inosculate  irregularly  througbout  its  inte- 
rior. All  the**'  vjhuoIc:!,  however,  more  or  less  directly  con- 
verge towanl  the  center,  where  they  meet  &  protoplasmic  mass, 
whii'h  in  turn  contains  one  and  sometimes  two  nucIeL  The 
(vll,  apari  from  its  nucleus,  sugfn^ts  a  miniature  sponge  tbe 
cavities    of    which    (secretion    vacuoles)    become    filled    with 


i;i.vi-0!'i'n.  Thi-i  i^ulistiuice  seems  to  accumulate  in  the  outer 
•.■iniiiilc:i.  which  a]i]>car  wiilcr  in  this:  lociition  than  the  inner 
ones,  when,  hv  artilioinl  means,  the  (rlyeogen  has  been  remoTed. 
It  is  iH'rhajts  noteworthy  that  this  substance  accumulates  in 
the  part  of  the  cell  nearest  the  blood-vessels  and  that  the 
droplets,  or  'Granules,''  con!:idered  as  bile  are  most  abundant 
in  the  opposite  direction:  i.e.,  near  the  hile-papillaries.  These 
'■ilroplels"  accnmiiiate  between  periods  of  dijrestion  and  dimin- 
ish ilurinj:  this  process.  .\  delicate  canaliculus  connects  this 
part  of  the  cell  with  the  biliary  channel.  The  vacuoles  in  the 
paraplasm,  lieeonlinf:  to  TCnpfrer,  "play  an  important  part  in 
(lie  si'cn'tion  of  the  cell,  and  are  due  to  the  confluence  of 
minute  drops  of  bile  into  a  larpe  jrlobule.  As  soon  ns  the 
%'acuole  has  attained  a  certain  size  it  tends  to  empty  its  con- 
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teiits  into  the  bile-capillary  through  a  small  tubule  connecting 
the  vacuole  with  the  bile-capiilary."  Kupffer's  main  vacuole 
is  thought  by  him  to  constitute  an  intracellular  vesicle  con- 
nected with  tlie  bile-capillaries  by  means  of  delicate  tubes. 

The  nerves  of  the  liver  enter  the  organ  at  the  transverse 
fissure  and  accompany  the  blood-vessels  and  lymph-vessels  to 
the  interlobular  spaces.  That  the  vagus  causes  vasodilation  of 
the  hepatic  arterioles  was  first  observed  by  Cavazzani  and 
Manca.®  Frangois-Franck  and  Hallion^  also  witnessed  vaso- 
dilator effects  on  stimulating  the  central  segment  of  the  divided 
vagus  with  a  weak  current.  Bruno^  has  shown,  moreover,  that 
the  fiow  of  bile  was  increased  concomitantly  with  the  passage 
of  food-products  through  the  pylorus  under  the  influence  of 
the  vagus. 

The  vasoconstrictuf  action  of  the  sympathetic  nerve  on 
the  liver  was  pointed  out  by  Vulpian,®  who  found  that  stimu- 
lation of  nerves  derived  from  the  coeliac  plexus  caused  anaemia 
of  the  hepatic  area  to  which  they  were  distributed.  Haffter, 
Samuel  and  Frerichs  all  observed  congestive  coloration  phe- 
nomena on  dividing  the  splanclmic  nerve  and  the  coeliac 
plexus,  similar  to  those  that  follow,  in  the  ear,  face,  etc.,  sec- 
tion of  the  sAinpathetic  nerve  in  the  neck.  Mali***  showed  that 
the  splanchnics  also  contained  vasomotor  fibers  for  the  portal 
vein.  Bayliss  and  Starling**  then  found  a  rise  of  the  blood- 
pressure  in  the  portal  vein  occurred  in  the  dog,  when  the  tho- 
racic nerves  between  tlie  tliird  and  eleventh  thoracic  inclusive 
were  stimulated,  the  maximum  effect  following  excitation  of 
the  fifth  to  the  ninth  inclusive.  Cavazzani  and  Manca**  were 
led  to  conclude  that  hepatic  vessels  were  also  under  the  influ- 
ence of  such  nerves  by  passing  warm  saline  solution  at  a  given 
pressure  through  these  vessels  and  measuring  the  outflow  in  a 
given  time.  This  was  confirmed  by  Frangois-Franck  and 
Hallion.*^    The  latter  physiologists  showed,  moreover,  that  the 

"Cavazzani   and   Manca:     Archives  Ital.   de  biol.,    T.   xxlv,   p.   33,   1895. 

T  Francois-Franck  and  Hallion:    Arch,   de  physiol.   norm,   et  path..   T.   vlll 
and  ix.  1896. 

•Bruno:     Archives  des  Sc.   blol..   T.   vli,   p.   87,  1899. 

•Vulplan:     C.-r.   de   la  Sec.   de   biol..   p.   5,   1858. 
»«Man:     Archiv    f.    Physiol.,    S.    409.    1892. 

"  Bayliss   and    Starling:     .Jour,    of    Physiol.,    vol.    xvli,   p.    120,   1894. 
"Cavazzani    and   Manca:     /.o**.    cit 
"  Frangois-Franck  and   Hallion:     Loc.   cit. 
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true  vasoconstrictor  effects  of  the  sympathetic  were  produced 
by  fibers  derived  from  the  cord  on  a  level  with  the  sixth  tho- 
racic and  second  lumbar  inclusive^  all  passing  to  the  splanchnic 
nerves. 

On  the  whole,  it  is  evident  that  the  functions  of  the  liver 
are  incited  through  vagal  vasodilators  and  inhibited  by  sym^ 
pathetic  vasoconstrictors  as  in  the  stomach  and  intestines. 

Our  inquiry  into  the  character  and  composition  of  the 
substances  that  are  transformed  in  the  liver  and  of  the  secre- 
tions of  this  organ  must  necessarily  include  the  blood  of  the 
portal  vein,  since  it  contains  whatever  products  of  metabolism 
the  organ  is  thought  to  transform.  We  shall,  therefore,  begin 
with  this  channel,  which  brings  to  the  liver  essentially  venous 
blood,  since  it  contains  that  utilized  by  four  organs  —  the 
stomach  and  the  intestines,  the  pancreas  and  the  spleen — ^in 
which  the  metabolic  products  include,  besides  those  incident 
upon  tissue-waste,  food  metabolites,  physiological  toxics,  etc. 

As  is  well  known,  there  exist  in  the  liver's. secretions  dis- 
tinct evidences  of  association  with  splenic  haematopoietic  or 
ha'molytic  functions.  The  liver  is  known  to  modify  the  com- 
position of  the  blood  as  it  passes  through  it,  but  the  purposes 
of  the  alterations  involved  are  not  established. 

The  Splenic  Vein. — The  path  from  the  spleen  to  the  portal 
vein,  through  the  splenic  vein,  is  a  direct  one,  and  the  blood  the 
spleen  sends  to  the  liver  is  not,  therefore,  modified  in  transit 
by  any  other  organ,  though  the  splenic  vein  receives  a  few 
branches  from  the  pancreas  and  stomach.  Still,  these  are  mere 
tributaries  to  a  common  channel,  and,  as  the  arterial  supply 
conies  directly  from  the  cceliac  plexus,  we  can  say  that  the 
spleen  receives  nothing  but  pure,  freshly-oxygenated  blood  in 
great  quantities.  Indeed,  the  splenic  artery  is  remarkably 
large  for  the  dimensions  of  the  organ,  and  we  can  easihj  account 
for  the  so-called  "ague-cake''  and  the  temporary  enlargement 
that  occurs  during  malanal  and  other  fevers  when  we  include 
suprarenal  overactivity  and  excessive  vascular  tension  in  the 
pathogenesis  of  these  phenomena. 

To  this  we  cannot  ascribe,  however,  the  post-prandial 
splenic  enlargement,  which  attains  its  maximum  about  five 
hours  after  an  ordinary  meal,  since  we  now  know  how  inde- 
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pendently  of  suprarenal  overactivity  and  merely  through  nerv- 
ous influence  an  organ's  function  can  be  excited  and  governed; 
indeed^  sympathetic  and  pneumogastric  again  unite  here  to 
account  for  a  passive  period  and  for  an  active  period:  that 
of  gradual  enlargement.  "The  turgescence  of  the  spleen  seems 
to  be  due  to  a  relaxation  both  of  the  arteries  and  of  the  mus- 
cular tissue  of  the  capsule  and  of  the  trabeculse'*  says  Professor 
Foster :  evidence  that  we  are  again  dealing  with  dilation  of  the 
arterioles  to  increase  the  influx  of  blood  into  the  functional 
areas, — the  physiological  process  we  have  found  in  other  organs. 

That  the  organ  is  concerned  with  some  process  incident 
upon  blood-changes  is  evident  But  what  is  this  process?  The 
various  points  that  may  afford  a  clue  are  these:  red  blood- 
corpuscles  have  been  found  in  various  stages  of  disorganization 
in  the  organ,  but  in  the  interior  of  amoeboid  cells  buried  in  the 
pulp.  The  spleen-pulp  also  contains  an  albuminoid  proteid 
rich  in  iron,  and  a  pigment  which  shows  considerable  carbon. 
That  an  active  combustion  process  may  go  on  in  the  organ  is 
suggested  not  only  by  the  latter,  but  also  by  the  presence  of 
various  purin  bases;  xanthin,  hypoxanthin,  and  their  end- 
product,  uric  acid.  Various  other  acids — acetic,  butyric,  formic, 
succinic,  lactic,  etc.  —  are  also  found  in  relatively  large  quan- 
tities. This  appears  8u<rgestive  when  we  consider  the  large 
quantity  of  oxidizing  substance  that  must  course  through  the 
organ  especially  during  post-prandial  activity. 

The  spleen  also  seems  to  be  a  leucocytogenic  center,  since 
the  splenic  vein  contains  a  much  larger  proportion  of  leuco- 
cvtes  than  the  splenic  arten'.  But  as  these  leucocvtes  leave 
the  organ  through  the  splenic  vein,  and  ultimately,  therefore, 
reach  the  liver  through  the  portal,  they  must  either  be  con- 
nected with  some  function  in  the  liver  or  be  destroved  there. 
Again,  the  arterial  blood  has  been  found  to  lose  one-half  of  its 
red  corpuscles;  at  least,  blood  from  the  spleen  contains  one- 
half  of  those  found  in  the  blood  of  the  splenic  arteries. 
Coupled  with  the  finding  of  disorganized  remnants  of  these 
bodies  in  the  splenic  pulp,  this  certainly  suggests,  as  is  gen- 
erally believed,  that  red  blood-disks  are  disintegrated  and  white 
corpuscles  created  in  the  spleen.  Indeed,  the  portal  blood  is 
poor  in  red  disks.    Yet,  the  hepatic  vein  is  still  poorer  in  them 


334         TUB  ADRENAL  8T8TICM  AND  THE  DIQBBTIVB  OitQAN& 

in  tlic  sense  that  the  proportion  of  red  to  white  cells  is  as 
four  in  tlie  subhepatic  vein  i»  to  one  in  the  portal  vein,  after 
the  blood  has  been  submitted  to  the  effects  of  hepatic  func- 
tions. It  seems  clear^  therefore^  that  red  corpuscles  are  de- 
stroyed both  in  the  spleen  and  in  the  liver,  and  that,  since 
the  spleen  is  possessed  of  no  external  duct,  it  is  in  the  liver^s 
secretions  that  we  should  find  proofs  of  this  dissociation  of 
corj)uscular  elements.  Indeed,  we  have  in  bilirubin,  a  bile- 
pigment  derived  from  haemoglobin,  direct  evidence  of  this  fact. 

llie  Hepatic  Blood-pigments. — ^We  have  already  analyzed 
(in  the  second  chapter)  the  process  through  which  various 
blood-pigments  are  transformed  one  into  another.  We  will 
now  only  refer,  therefore,  to  the  relations  between  these  bodies 
and  the  spleno-hepatic  functions. 

We  ascertained  that  the  changes  undergone  in  the  liver 
represented  but  a  portion  of  a  cycle  of  which  the  intestines 
were  the  starting-point,  bilirubin  (excepting  that  transformed 
into  urobilin  and  stercorin)  being  reabsorbed  from  the  intes- 
tine and  again  used  in  the  building  up  of  haemoglobin.  Ex- 
perimental evidence  was  adduced  to  show  (Macallum)  that  in 
an  animal  fed  on  albuminate  of  iron  free  leucocytes  crowded 
with  iron-pigment  could  be  traced  in  transit  through  the  in- 
testinal mucous  membrane  in  the  villi,  and  that  similar  leu- 
cocytes had  been  found  in  the  spleen  and  in  the  liver.  But 
can  we  conclude  from  this  that  the  iron-laden  leucocytes  find 
their  way  to  the  spleen  and  that  this  organ  constitutes  a  part 
of  the  cycle?  The  anatomical  relations  of  the  structures  in- 
volved show  that,  even  if  such  an  arrangement  did  exist,  it 
could  8er\'e  no  useful  purpose,  since  the  leucocytes  would  but 
penetrate  the  splenic  structures  to  again  enter  the  portal  cir- 
culation. Obviously,  the  only  pathway  available  anatomically 
is  the  venous  one,  since  Macallum  found  the  ^^eucocvtes 
crowded  with  granules  of  iron-pigments**  in  the  venules  of  the 
villi. 

The  single  venous  channel  at  our  disposal,  therefore,  is 
that  of  the  distribution  of  the  villi-,  the  ileum  and  jejunum 
mainly,  Le,,  the  superior  mesenteric  veins, — ^which  again  lead 
us  to  the  portal  vein.  This  probably  means  that  the  iron  thus 
taken  from  the  intestine  is  not  ready  for  the  circulation,  and 
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that  it  must  undergo  a  secondary  process  in  tlie  liver  before 
it  can  serve  its  physiological  purpose  in  the  arterial  circula- 
tion. This  is  sustained  by  the  prevailing  view  as  to  the  func- 
tions of  the  spleen,  i.e.,  that  it  disintegrates  worn-out  red 
corpuscles,  and  also  by  the  great  increase  of  leucocytes  ob- 
served in  the  splenic  vein  as  compared  to  the  proportion  of 
these  cells  in  the  artery.  It  seems  logical,  therefore,  to  conclude 
that  both  in  ike  lymphatic  structures  of  the  intestine  and  in  those 
of  the  spleen  leucocytes  are  formed  which  carry  iron-pigments  to 
the  portal  vein;  those  from  the  intestine  reach  the  latter  by  the 
superior  mesenteric  vein,  and  those  from  the  spleen  by  the  splenic 
vein.  As  Macallum  observed  iron-pigment  leucoc}i;es  in  the 
spleen  similar  to  those  witnessed  in  the  intestinal  villi,  and  the 
venules  of  the  latter  and  the  splenic  vein  ultimately  transmit- 
ting their  blood  to  the  portal  vein,  no  other  conclusion  seems 
possible. 

The  similarity  of  the  general  mechanism  involved  suggests 
the  presence  of  correlated  functions.  Thus,  in  the  spleen  the 
leucocytes  are  formed  in  situ,  pass  out  into  the  pulp-channels, 
and  take  up  the  iron-pigment  and  carry  it  out  to  the  liver;  in 
the  intestine  they  are  formed  in  a  similar  structure, — the  follicle, 
— pass  out  into  the  intestinal  channel,  take  on  a  similar  supply 
of  blood- pigment,  re-enter  through  the  villi  into  the  venous 
system,  and  also  proceed  to  the  liver.  True,  I  have  previously 
ascribed  bactericidal  properties  to  the  leucocytes  produced  by  the 
intestinal  follicles;  but  the  chemotactic  property  of  the  leuco- 
cytes, the  existence  of  which  is  shown  by  their  ability  to  take  up 
the  pigments,  serves  but  to  demonstrate  that  they  must  also  be 
endowed  at  least  with  phagocytic  attributes. 

It  was  also  shown,  in  the  earlier  editions  of  this  work,  that, 
while  the  adrenals  supply  an  oxidizing  substance  to  the  blood,  in- 
sufficiency of  the  adrenals  leads  to  the  formation  of  a  com- 
pound inferior  to  haemoglobin  in  oxygen-absorbing  powers, — 
i.e.,  methaemoglobin ;  and,  furthermore,  that  hannatoporj)hyrin 
is  formed  when  the  suprarenal  insufficiency  is  still  fui*ther  ad- 
vanced, haemoglobin  being  unable  to  hold  itself  together,  as  it 
were,  and  to  absorb  oxygen.  Again,  we  saw  that  haemoglobin 
is  reduced  to  haematin  when  the  reaction  with  the  reducing 
agent  occurs  in  the  presence  of  oxygen.    In  the  absence  of  oxygen 
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a  lia?inoohromogen  is  formed  which  slowly  loses  its  iron,  the 
end-product  being  also  ha?matoporph}Tin. 

It  is  evident  that  the  integrity  of  the  hsemoglobin  mole- 
cule is  dependent  upon  the  quantity  of  secretion  that  the  ad- 
renals supply  to  the  blood,  and  also  upon  the  condition  of  that 
molecule  at  a  given  time.  In  other  words,  while  the  adrenals 
may  bo  supplying  their  normal  proportion  of  secretion,  the 
luemo^dobin  molecule  in  the  red  corpuscles  of  venous  blood — 
i,e.,  blood  about  to  return  to  the  vena  cava  for  a  fresh  sup- 
ply— may  be  comj)ared  to  that  of  blood  during  insufSciency. 
Even  as  ha^noglobin,  the  blood-pigment  is  loosely  combined; 
when  ajiproaching  the  end  of  its  systemic  circle,  it  is  still 
nearer  the  state  of  disintegration — according  to  the  activity  of 
the  (jxidaticm  processes  which  it  has  subserved.  Starting  from 
the  lungs  as  oxyluvuioglobin,  it  returns  promptly  to  the  heart  as 
luvnioglobin  or  reduced  h.Tmoglobin,  ready  to  absorb  at  once 
another  supply  of  suprarenal  secretion  and,  once  in  the  lungs, 
take  up  its  oxygen. 

Blood  from  the  head,  extremities,  and  other  structures  in 
which  tlie  drain  upon  its  resources  has  not  been  excessive  re- 
turns such  a  molecule  to  the  heart;  it  is  still  efficient  as  an 
oxygen-cjirrier.  But  nut  so  with  the  blood  from  any  organ 
dlnutly  roumuti'd  with  the  dit/cstive  system.  As  is  well  known, 
all  the  i)lood  from  the  organs  of  the  alimentary  tract — stomach, 
intestine,  i)ancreas,  and  spleen — is  not  returned  to  the  heart 
]>efore  it  has  In^en  sul^niitted  to  whatever  action  the  liver  may 
have  upon  it :  then  only  can  it  re-enter  the  circulation  through 
the  liepatic  veins,  which  carry  the  blood  to  the  vena  cava.  But 
not  all  the  blood  may  thus  be  rejuvenated;  some  has  gone 
beyond ;  it  has,  indeed,  almost  reached  the  state  of  h^ematopor- 
phyrin,  the  last  on  the  list  of  pigments,  that  which  appears  in  the 
most  advanced  stages  of  suprarenal  insulTiciency.  We  have  seen 
that  ha?inatoporphyrin  and  bilirubin  are  similar;  and,  as  is  well 
known,  it  is  bilirubin  which  passes  out  with  the  bile. 

A  salient  feature  of  the  haemoglobin  molecule  is  missing 
here,  however,  namely:  the  iron.  As  stated,  a  reducing  agent, 
if  used  in  the  presence  of  oxygen,  will  reduce  luemoglobin  in 
the  absence  of  oxygen ;  the  primary  product  is  a  ha?mochro- 
mogen  which  gradually  parts  with  its  iron,  leaving  as  end- 
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product  hflematoporphyrin.  As  bilirubin  and  haematcJporphyrin 
are  fundamentally  identical,  the  presence  of  the  former  in  the 
bile  must  be  the  result  of  a  similar  process  in  the  liver.  That 
such  is  the  case  is  sustained  by  considerable  collateral  evidence, 
first  of  which  is  the  invulnerability  of  the  haemoglobin  mole- 
cule. 

Paradoxical  as  this  statement  appears,  it  nevertheless  con- 
stitutes the  key-stone  of  the  entire  edifice,  since  it  is  only  when 
vulnerable  that  the  molecule  becomes  the  prey  of  disintegrating 
influences.  I  have  used  the  words  "reducing  agents'*  several 
times;  but  the  haemoglobin  molecule  does  not  yield  to  even 
moderately-strong  reagents  of  this  nature;  indeed,  only  a 
powerful  agent — sulphuric  acid,  for  instance — ^will  dissociate 
it:  an  exemplification  of  the  wonderful  binding  power  which 
the  suprarenal  secretion  must  exert  upon  all  its  constituent 
parts.  Still,  we  must  not  overlook  the  fact  that  the  oxidizing 
substance  in  the  blood-plasma  is  identical  to  this  binding  com- 
pound. Indeed,  I  have  accumulated  so  much  testimony  afl&rming 
the  fact  that  the  plasma  per  se  is  a  potent  source  of  energy, 
while  the  red  corpuscles  always  played  so  secondary  a  role  in 
the  various  intrinsic  functional  mechanisms,  especially  those  con- 
cerned with  nuiseuiar  and  glandular  elements,  that  I  have  been 
led  to  conchule  that  the  red  disks  are,  after  all,  but  servants  of 
the  blood-plapnia :  ])ack-mules,  as  it  were,  from  which  it  can 
draw,  as  needed,  enough  oxidizing  substance  to  maintain  its  own 
functional  potentiality  as  previously  stated. 

Under  these  circumstances  we  can  readilv  see  how  the 
haemoglobin  molecule,  gradually  deprived  of  its  binding  oxidiz- 
ing substance  during  the  inordinate  metabolism  which  the  tis- 
sues of  the  digestive  organs  undergo  during  their  periods  of 
activity,  should  yield  more  readily  to  dissociating  influences. 
It  is  evident  that  a  molecule  so  weakened,  thrust  in  blood 
such  as  that  of  the  portal  vein, — a  vast  sewer  replete  with 
physiological  waste-products  and  deoxidized  blood-cells,  all 
bathing  in  a  plasma  itself  despoiled  of  its  oxidizing  substance, 
— should  soon  become  dissociated.  Transported  through  grad- 
ually narrowing  channels,  the  walls  of  which,  like  all  tissues, 
eagerly  absorb  any  loose  oxygen  that  it  may  contain,  it  must 
inevitably  undergo  the  transformation  of  luemoglobin  referred 
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to,  i.c,  into  the  primary  hspmochromogen,  which  Boon  dropB 
its  iron,  leaving  *is  end-product  bilirubin. 

We  have  iiere  the  identical  process  that  occurs  in  the  brain 
or  other  structures  when  blood-clots  are  disorganized  into 
ha?matoidin  preparaton-  to  absorj>tion.  ^^The  bile-pigments 
originate  from  haemoglobin,"  says  Professor  Howell;  "this 
oriofin  wa^  first  indicated  bv  the  fact  that  in  old  blood-dots 
or  in  extravasations  tliere  was  found  a  cr}*stalline  product,  the 
so-called  'ha?matoidin/  which  was  undoubtedly  derived  from 
hsmoglobin,  anil  which,  upon  more  careful  examination,  was 
proved  to  be  identical  with  bilirubin.  This  origin,  which  has 
since  been  made  probable  by  other  reactions,  is  now  universally 
adopted."  Tliat  the  influence  of  the  suprarenal  secretion  rests 
upon  as  solid  a  foundation  is  illustrated  by  the  experiments 
of  Boinet,  who  found  the  blood  of  a  large  number  of  rats  from 
which  he  had  removed  the  adrenals  replete  with  "haematoidin.** 

To  trace  the  itinerary  of  the  two  products,  iron  and  bili- 
rubin, through  the  liver,  naturally  brings  the  hepatic  cell 
within  the  scope  of  our  inquiry,  since  we  have  to  account  for 
the  transfer  of  the  former  to  the  bile  and  the  return  of  the 
iron  to  the  general  circulation. 

The  functional  importance  of  iron  in  the  haemoglobin 
molecule  is  generally  recognized.  Yet,  the  pigments,  wh^i 
separated  from  it^  are  not  unable  to  take  up  oxygen.  Indeed, 
we  have  ample  evidence  of  this  in  the  formula?  of  the  very 
products  of  wliich  bilirubin  is  the  priman*  compound.  Thus, 
while  bilirubin  is  CiglligXoOa,  biliverdin  is  0101X1^X204,  and 
the  latter  can  readily  be  prepared  artificially  from  the  former' 
by  oxidation.  "It  is  supposed  that,  when  the  blood-corpuscles 
go  to  pieces  in  the  circulation/'  says  Howell,  "the  haemoglobin 
is  brought  to  the  liver,  and  then,  under  the  influence  of  tiie 
liver-cells,  is  converted  into  an  iron-free  compound:  bilirubin 
or  biliverdin.  It  is  very  significant  to  find  that  the  iron  sepa- 
rated by  this  means  from  the  hemoglobin  is,  for  the  .most  part, 
retained  in  the  liver,  a  small  portion  only  being  secreted  in  the 
bile.  It  seems  probable  that  the  iron  held  back  in  the  liver  is 
again  used  in  some  way  to  make  new  haemoglobin  in  the  haemar 
topoietic  organs."  We  have  seen  that  it  is  not  under  the  inr- 
fluence  of  the  liver-cells,  as  now  believed,  that  haemoglobin  is  dis^ 
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sociated:  an  important  feature,  since  it  removes  the  main  ele- 
ment of  confusion  from  our  path.  Indeed,  we  can  now  easily 
account  for  the  retention  of  the  greater  part  of  bilirubin  in  the 
liver,  since  we  have  at  our  disposal  all  the  constituents  for  the 
synthetic  production  within  the  portal  capillaries  of  the  hepatic 
lobule  of  new  haemoglobin,  and  particularly  oxidizing  substance, 
brought  there  by  the  terminals  of  the  hepatic  artery. 

On  examining,  on  page  329,  the  illustration  from  Piersol's 
work,  the  distribution  of  the  hepatic  artery's  terminal  arterioles 
or  capillaries  will  be  found  to  be  unusual.  Immediately  above 
the  margin  of  the  lobule — i.e.,  where  the  portal  or  interlobular 
vein  breaks  up  into  the  capillary  net-w^ork  of  the  lobule — the 
hepatic  arteriole  may  be  seen  to  open  into  the  portal  capillary. 
The  inference  is  obvious.  The  hepatic  artery  coming  directly 
from  the  ccsliac  aocis,  brings  freshly  oxidized  blood, — i.e.,  oxidiz- 
ing substance, — which,  mixing  freely  in  the  narrow  channels  of 
the  lobule  with  the  portal  blood,  at  once  groups  bilirubin  and 
iron,  and  builds  up  all  the  hcemoglobin  that  the  constituents 
present  (including  what  iron  the  splenic  leucocytes  and  those 
from  the  intestinal  follicles  have  brought)  allow.  ^M^at  bili- 
rubin cannot,  owing  to  deficiency  of  either  of  the  other  co7istit- 
uents,  be  utilized,  becomes  an  excretory  product;  and  with  many 
others  it  enters  the  hepatic  cell  and  is  passed  out  with  the  bile. 

That  deficiency  of  oxidizing  substance  (adrenoxidase)  can 
increase  the  excretion  of  bilirubin  has  been  repeatedly  shown 
herein.  I  may  refer,  for  example,  to  the  many  forms  of 
acute  poisoning  and  to  the  diseases  attended  with  suprarenal 
insufl&ciencv  in  wliich  there  is  increased  excretion,  either  in  the 
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urine  or  fa?ces,  of  ha^matoporphvrin,  metha?moglobin,  urobilin, 
Etercobilin,  etc. :  i.e.,  of  ponie  derivative  of  ha:'moglobin. 

I  have  referred  to  the  hepatic  cell  as  a  miniature  sponge. 
This  comparison,  due  to  Berdal,  is  especially  warranted,  since 
Schafcr^*  noted  the  existence,  within  this  cell,  of  canaliculi 
which  are  in  direct  comiiiunication  with  the  blood-capillaries. 
Having  injected  carmine  gelatin  into  the  portal  vein,  the  col- 
ored substance  filled  this  ve??el  and  its  subdivisions,  besides 
the  canaliculi,  but  no  other  structure.     It  may,  therefore,  be 
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inrerred,  says  ProresBor  Schafer,  "that  the  injection  has  parsed 
diret-tly  from  the  blood-vessels  into  the  liver-cella;  indeed,  here 
and  there  one  can  Bee  what  appear  to  be  such  direct  cominu- 
nicationB."  Thene  can  readily  be  seen  in  the  annexed  illustra- 
tion. He  refere  to  the  conclusion  reached  by  Browicz,"  based 
on  appearances,  normal  and  patholopical,  "that  there  mnst 
exist  a  network  of  nutritive  canaJa  within  the  hepatic  cells 
whiih  are  in  direct  communication  with  lobular  capillaries"; 
this  he  had  not  as  yet,  however,  verified  by  injections. 
Schafer's  olwervation  |)robably  accounts  for  the  direct  transfer 
of  the  bilirubin   to   the  biliary  capillaries,   along  with   otiier 


products  of  oxidation,  to  which  we  will  refer  later  on.  Indeed, 
.1.  W.  and  E.  H.  Fraper'"  arc  also  stated  to  have  found  intra- 
cellular iKUisagea  communicating  with  the  blood-vessels  in  the 
hepatic  cells  of  froga.  For  tlie  prct^ont  it  pecnis  lopcal  to  con- 
clude that  one  or  more  of  the  caualiculi  may  lead  to  the  vacuole 
prcvi{)usly  referred  to  aa  nearest  the  bile-capillaries,  and  that 
it  is  in  this  vacuole  that  bilirubin  joins  tlie  bile.  That  even 
this   vacuole  is  supplied   with   a  canaliculus  we  have   already 
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Been;  Kupffer  found  it  to  afford  a  direct  channel  between  this 
bile-reservoir  and  the  bile-capillaries  per  se. 

The  Hepatic  Tissues  in  their  Relations  to  Bacteria. — A 
prominent  feature  of  the  work  so  far  done  is  the  evidence 
furnished  that  several  physiological  processes  now  ascribed  to 
the  hepatic  cell  in  no  way  involve  this  structure,  and  that  the 
portal  vein  itself  and  the  iniercelluJar^'^  capillaries  are  the  seat 
of  several  of  these  processes. 

Before  proceeding  further,  however,  reference  must  be 
made  to  the  connection  between  bacteria  and  the  normal  liver. 
I  emphasize  "normal"  here,  because  I  can  thus  simultaneously 
lay  stress  upon  a  feature  which  plays  a  predominating  role  in 
disease:  i.e,,  the  fact  that  anatomically,  as  far  as  bacteria  go, 
there  is  no  direct  normal  connection  between  the  digestive 
system  and  this  organ.  The  liver,  in  fact,  is  essentially  a 
physiological  organ  in  the  sense  that  it  is  mainly  intended  to 
rid  the  system  of  waste-products  and  to  economize  others  that 
may  again  prove  useful,  by  preparing  them  for  reabsorption 
in  the  intestine. 

We  have  seen  that  the  venules  of  the  villi  allow  iron- 
pigment  leucocytes  to  enter  the  mesenteric  veins  which  carry 
their  blood  to  the  portal.  A  depraved  condition  of  all  the 
digestive  structures — such  as  that  induced  by  alcoholism,  for 
instance — can  so  lower  the  functional  activity  of  those  struct- 
ures as  to  cause  these  venules  to  lose  their  normal  turgescence 
find  afford  passage  to  bacteria,  alcohol  in  large  doses  being 
known  to  impair  metabolism.  The  intestinal  venules  under 
these  circumstances,  surrounded  by  weakened  protective  struct- 
ures, can  well  give  pav«;sage  to  Adami's  cirrhosis  bacillus,  for 
instance,  or  any  other  capable  of  coping  with  what  prophylactic 
conditions  may  still  prevail.  "The  portal  vein  can  transport 
to  the  liver  morbid  germs  from  the  intestinal  surface/'  says 
Labadie-T.airrave.  "One  of  the  best  established  pathogenic 
connections  of  this  kind  is  the  influence  exerted  upon  the  de- 
velopment of  hepatitis  by  dysentery;  although  this  relation- 
ship   is   not   constant,   all   observers   have   noted    it.      Phlebitis 


^'  Wt'  find  it  nocossarj'  to  give  the  terminals  of  the  portal  this  name  In  order 
to  avoid  (oiifusioii:  they  contain  blood  from  both  the  portal  and  hepatic  chan- 
nels,   and    in    r<  ality    form    part    of    both    as    extensions. — S. 
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starting  from  an  ulcerated  area  and  directed  toward  an  hepatic 
f(Kus  lias  also  been  observed.  When  the  primary  portal  struc- 
tures are  normal,  transmission  of  the  putrid  material  may  occnr 
tlirough  the  lymphatics.  While  this  fact  seems  admissible,  it 
has  not  been  verified."  Again,  pathological  conditions  of  the 
stomaeh,  pancreas,  or  spleen  may  supply  the  portal  vein  with 
pathogenic  elements.  In  the  normal  subject,  however,  the  liver' 
iissuvs  per  se  are  totally  isolated  anatomically  from  any  of  the 
struct iirvi^  that  conic  into  contact  with  exogenous  bacteria,  pre- 
cisely as  they  are  in  other  organs:  the  muscles,  the  heart,  etc. 
That  its  blood-stream  affords  protection  from  disease  is  un- 
(loublcd,  however,  judging  from  the  leucocytes  that  are  con- 
stantly entering  the  organ,  and  the  perivascular  lymphatic 
channels.  That  the  portal  vein  is  also  an  important  field  for 
the  splitting  of  toxalbuniins  and  their  reduction  to  harmless 
bodies  we  shall  also  see.  Rut  it  seems  quite  clear  that  the  liver 
itself  is  not  primarily  a  germ-killing  organ,  and  that  its  at- 
tributes are  essentially  chemical.  This  removes  the  hepatic 
cell  still  further  from  the  functions  now  attributed  to  it,  and 
sugg(^sts  that  the  oxidizing  substance  in  the  lobular  blood- 
vi»ssels  may  be  the  main  source  of  the  liver^s  functional  activity. 

This  brings  us  to  the  consideration  of  the  functions  in 
which  the  oxidizing  substance  in  the  blood-plasma  acts  as  a 
reagent.  We  have  already  reviewed,  in  this  connection,  the 
synthesis  of  luvmoglohin ;  we  will  now  take  up  and  consider 
two  e(]ually  important  subjects :  i.e,,  the  origin  of  urea  and  the 
conversion  of  sugar  into  glycogen. 

Urea  and  its  Formation, — We  will  first  analyze  an  experi- 
ment l)v  SrliriHler'''  in  which  the  liver  was  taken  from  a  freshlv- 
killed  dog  and  irrigated  through  its  blood-vessels  by  a  supply 
of  blood  taken  from  another  animal.  Howell  refers  to  this 
ex]>eriment  in  the  following  words:  "If  the  supply  of  blood 
was  taken  from  a  fasting  animal,  then  circulating  it  through 
the  isolated  liver  was  not  accompanied  by  any  increase  in  the 
amount  of  urea  contained  in  it.  If,  on  the  contrary,  the  blood 
was  obtained  from  a  well-fed  dog,  tlie  amount  of  urea  con- 


"  Schroder:    Archlv  fUr  expor.   Pathol,   and  Pharm.,  Bd.  xv  and  xlx,   1882 
and  l$sr>. 
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tained  in  it  was  distinctly  increased  by  passing  it  through 
the  liver,  thus  indicating  that  the  blood  of  an  animal  after 
digestion  contains  something  that  the  liver  can  convert  to 
urea." 

Considered  from  my  standpoint,  this  experiment  has  an- 
other meaning.  During  digestion,  especially  after  copious  feed- 
ing, as  stated  above,  the  entire  organism  is,  to  a  certain  degree, 
involved  in  the  digestive  process,  as  shown  by  the  general  sensa- 
tion of  heat  often  experienced  after  such  a  meal.  As  liver, 
intestines,  pancreas,  and  spleen,  even  after  gastric  digestion 
has  passed,  are  all  operating  together,  the  suprarenal  activity 
is  doubtless  enhanced.  In  other  words,  at  such  times  the  blood 
contains  either  in  its  corpuscles  or  in  its  serum  a  more  or  less 
marked  increase  of  oxidizing  substance.  Conversely,  the  fast- 
ing dog's  blood — especially  if  the  fasting  has  been  prolonged 
— is  really  abnormal  blood,  in  which  the  oxidizing  substance 
k  unusually  low,  since  suprarenal  activity  is  depressed  with 
that  of  the  rest  of  the  tissues.  We  have  also  seen  that,  imder 
these  conditions,  the  tissues  nevertheless  continue  to  absorb 
their  normal  supply  of  oxygen,  the  blood  being  thus  actively 
depleted  while  insufficiently  oxygenated.  It  seems  clear,  there- 
fore, that  the  blood  of  the  well-fed  dog  contained  more  oxidiz- 
ing substance  than  that  of  the  fasting  one. 

That  the  injected  blood  taken  from  the  well-fed  animal 
should  have  been  tlie  source  of  the  urea-forming  substance  is 
unlikely.  Since  the  liver  alone  receives  alimentary  waste- 
products,  it  is  only  with  blood  from  the  portal  vein  that  such 
substances  could  have  been  obtained.  This  is  not  specified. 
The  urea-forming  agent  must,  therefore,  have  been  in  the 
excised  liver's  portal  channels,  and  the  only  available  agency 
capable  of  inducing  the  reactions  involved  appears  to  be  the 
oxidizing  substance.  Experimental  evidence  may  be  adduced 
to  show  that  such  is  the  case.  I  consider  the  blood  of  the 
hepatic  artery,  as  previously  stated,  as  the  source  of  supply  of 
the  oxidizing  substance,  since  it  is  directly  derived  from  the 
cceliac  axis.  Stewart  states  that,  "although  the  portal  vein 
carries  a  much  greater  supply  of  blood  than  the  hepatic  artery, 
ligaiion  of  the  latter  causes  a  greater  diminution  in  the  ratio 
of  the  amount  of  urea  to  the  total  nitrogen  in  the  urine  than 
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ligation  of  the  former.  This  seems  to  indicate  that  oxidatioi) 
plays  an  important  part  in  the  formation  of  urea  in  the  liver 
(Doyon  and  Dufourt)." 

That  the  substances  thus  oxidized  reach  the  liver  by  the 
portal  vein  needs  hardly  to  be  emphasized.  But  Foster  says: 
"The  introduction  of  even  a  small  quantity  of  proteid  mate- 
rial into  the  alimentary  canal  at  once  increases  the. urea  in  the 
urine,  and  in  the  curve  of  the  discharge  of  urea  in  the  twenty- 
four  hours  each  meal  is  followed  by  a  conspicuous  rise.  .  .  . 
We  have  seen  reason  to  think  that  the  proteids  of  a  meal  are 
absorbed  not  by  the  lacteals,  but  by  the  portal  blood-vessels, 
and  such  bodies  as  leucin  probably  take  the  same  course.  This 
being  so,  all  these  bodies  pass  through  the  liver  and  are  sub- 
jected to  such  influences  as  may  be  exerted  by  the  hepatic 
cells.^^ 

Such  bodies  of  leucin — one  of  the  main  products  of  nitrog- 
enous dissociation — naturally  follow  the  same  course.  Drech- 
sel  has  suggested  that  all  bodies  of  this  class — i.e.,  leucin, 
tyrosin,  glycocoll,  etc. — first  undergo  oxidation  in  the  tissues, 
and  that  their  ammonia  and  carbonic  acid  then  combine  syn- 
thetically, forming  ammonium  carbamate,  this,  in  turn,  being 
carried  to  the  liver  and  there  transformed  into  urea. 

It  is  clear  that  these  ammonia  compounds  take  the  course 
outlined  by  Foster:  i.e.,  the  venules  of  the  villi,  the  mesenteric 
veins,  and  finally  the  portal  vein.  That  they  undergo  oxida- 
tion in  the  blood  of  these  vessels,  however,  is  not  likely,  for 
they  contain  probably  the  most  watery  blood  of  the  organism, 
and  that  most  depleted  of  its  oxygen. 

Quite  another  field  of  activity  is  afTorded,  however,  when 
the  hepatic  lobule  is  reached;  here  the  ammonia  compounds 
meet  the  oxidizing  substance  brought  by  the  hepatic  artery's 
capiUaries.  Taking  the  ammonium  compound  referred  to  by 
Drechsel,  for  example,  the  series  of  reactions  outlined  by  him 
seem  to  follow  in  normal  sequence:  1.  In  the  portal  vein: 
hydroh'tic  cleavage  with  the  formotion  of  amido-bodies,  such  as 
leucin,  tyrosin,  aspartic  acid,  glycocoll,  etc.  2.  In  the  hepatic- 
lobule  capillaries  and  their  oxidizing  substance:  oxidation, 
with  the  formation  of  ammonia,  carbonic  acid,  and  water,  fol- 
lowed bv  the  svnthetic  union  of  ammonia  and  carbonic  acid. 
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forming  the  carbamate  of  ammonium.    This  being  dehydrated, 
urea  is  formed,  as  shown  in  the  following  equation : — 

That  the  conversion  of  ammonia  compounds  into  urea  does 
occur  in  the  liver  is  sustained  by  experimental  physiology. 
Howell  refers  to  the  experiments  of  Schroder,  in  which  this 
is  demonstrated  as  follows:  "As  further  proof  of  the  urea- 
forming  power  of  the  liver,  Schroder  found  that  if  ammonium 
carbonate  was  added  to  the  blood  circulating  through  the  liver 
— to  that  from  the  fasting  as  well  as  from  the  well-nourished 
animal — a  very  decided  increase  in  the  urea  always  followed. 
It  follows,  from  the  last  experiment,  that  the  liver-cells  are 
able  to  convert  carbonate  of  ammonium  into  urea.  The  re- 
actions may  be  expressed  by  the  equation : — 

(XHJ2CO3  —  2H2O  =  CONjH,.'^ 

The  foregoing  facts,  considered  collectively,  indicate  that 
the  formation  of  urea  in  the  liver  is  probably  accomplished  in 
the  following  manner,  taking  Drechsel's  series  of  reactions  as 
standard  of  the  numerous  ones  of  the  same  class  that  must 
occur  in  tliis  organ  : — 

Granting  that  the  nitrogenous  bodies  are  absorbed  by  the 
venules  of  the  intestinal  villi  and  transmitted  bv  tlie  meson- 
teric  veins  to  the  portal  vein,  the  raniificationHi  of  wliicli  would 
then  carry  them  to  the  hepatic  lobules,  the  first  reaction  would 
occur  in  the  fyrelohular  portal  vessels:  i.e.,  the  nitrogenous  hodies 
would  undergo  hydrolysis,  with  the  formation  of  amides,  leucin, 
aspartic  acid,  tyrosin,  etc.  The  second  reaction  would  follow 
as  soon  as  these  bodies  reached  the  pericellular  capillaries, 
owing  to  the  presence  therein  of  the  oxidizing  substance  sup- 
plied by  the  terminal  branches  of  the  hej)atic  artery;  in  other 
words,  further  reduction  of  tJtese  bodies  hy  oxidation  to  annn<niia, 
carbonic  acid,  and  tvater  would  occur  in  the  pericellular  ra pil- 
lories of  the  lobule.  The  third  reaction  would  seem,  like  the 
first,  to  recjuire  com])aratively  inert  surrouiidin<rs:  i.e.,  a  fluid 
not  charged  with  oxidizing  substance  as  is  the  blood  of  the  ]>eri- 
cellular  capillaries.     Such  a  medium  we  have,  in  all  likelihood. 
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in  the  afferent  venous  channels,  since  it  is  very  improbable 
that  any  oxidizing  substance,  so  precious  in  all  physiological 
functions — as  I  have  now  shown — should  be  wasted  in  vessels 
ultimately  ending,  via  the  hepatic  veins,  in  the  inferior  vena 
cava.  Hence,  whether  it  involved  a  preliminary  formation  of 
an  ammonic  carbamate  or  proceed  to  immediate  sjmthesis,  it 
appears  as  if  the  terminal  reaction  ending  in  the  formation  of 
urea  occurred  in  the  efferent  venous  hepatic  channels. 

The  salient  point  of  this  series  of  reactions  is  the  fact 
that,  contrary  to  the  general  belief,  they  all  occur,  not  in  the 
hepatic  cells,  hut  in  the  blood-stream  of  the  lobular  capillaries. 
The  following  facts  show  this  to  be  the  case:  It  is  dear  that, 
if  urea  is  formed  in  transit  through  the  vessels  of  the  organ, 
it  should  appear  as  soon  as,  or  at  least  soon  after,  its  causative 
agencies  are  introduced  in  the  portal  system.  We  will  recall 
tlie  quotation  from  Professor  Foster's  text,  in  which  he  says: 
"The  introduction  of  even  a  small  quantity  of  proteid  mate- 
rial into  the  alimentary  canal  at  once  increases  the  urea  in 
the  urine,  and  in  the  curve  of  the  discharge  of  urea  in  the 
twenty-four  hours  each  meal  is  followed  by  a  conspicuous  rise, 
etc."  When  we  consider  tliat  the  entire  circulatory  circuit 
occupies  but  twenty-six  seconds,  the  cause  of  the  rapid  appear- 
ance of  urea — theretofore  unexplained — ^becomes  apparent. 

When  the  role  of  the  oxidizing  substance  in  the  produc- 
tion of  uric  acid  from  the  alloxuric  bases  was  analvzed  in  the 

ft 

third  chapter,  uric  acid  was  considered  as  the  end-product  of 
a  series  of  reactions  in  which,  according  to  modem  views,  these 
toxic  nuclein  derivatives  were  converted  into  benign  ones.  All 
nitrogenous  products  being  transferred  to  the  portal  system, 
it  now  seems  clear  that  normally  the  reaction  must  occur  in 
the  intercellular  capillaries  of  the  hepatic  lobules,  and  that  it 
is  when  this  oxidation  process  in  the  liver  is  inadequate  that 
the  so-called  "uric-acid  diathesis"  symptoms  occur.  As  uric 
acid  leaves  the  organism,  as  does  urea,  by  the  urine,  it  is 
evident  that  we  are  again  dealing  with  a  function  totally  dis- 
connected from  the  hepatic  cell  per  se.  Again,  we  have  re- 
peatedly seen,  in  the  preceding  chapters,  that  the  elimination 
of  phosphoric  acid  was  increased  by  the  administration  of 
suprarenal,  pituitary,  and  other  organic  extracts  and  by  various 
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drugs.  As  we  have  seen,  increased  excretion  by  the  kidneys  due 
to  drugs  always  coincides  with  suprarenal  overactivity,  hence 
with  enhanced  oxidation.  It  thus  becomes  apparent  that  many 
constituents  of  the  urine,  normal  and  abnormal,  the  origin  of 
which  is  obscure,  are  connected  with  variations  in  the  oxidation 
processes  in  the  intercellular  capillaries  of  the  liver,  caused  by 
corresponding  fluctuations  in  the  functional  activity  of  the 
adrenals. 

Glycogen  and  its  Formation, — Glycogen  obviously  removes 
our  inquiry  ftom  the  arteriole  to  the  hepatic  cell,  since  this 
organ  is  that  in  which  it  accumulates;  but  we  must  not  lose 
sight  of  the  important  fact  that  two  proceFses  are  involved  in 
the  analysis,^ — (1)  the  formation  of  the  glycogen  and  (2)  its  con- 
version into  dextrose, — and  that  the  latter  reactions  must 
occur  in  the  vascular  channels.  Again,  the  first  process  seems 
6c  bound  up  with  the  formation  of  the  bile  that  it  becomes 
necessary  to  consider  this  subject  simultaneously  to  avoid  repe- 
tition. 

The  sponge-like  construction  of  the  hepatic  cell  due  to  its 
vacuoles,  the  delicate  canals  described  by  J.  W.  and  E.  H. 
Praser,  Browicz,  and  Schiifer,  and,  finally,  the  bile-collecting 
vacuole,  or  vesicle,  leading  through  its  own  canal iculi  to  the 
perilobular  l)ilc-cai)illaries,  does  not  appear  to  afford  much 
room  for  protoplasm  capable  of  undergoing  functional  metabo- 
lism, since  this  would  have  to  he  embodied  in  the  partitions 
separating  all  these  cavities.  Yet,  were  it  otherwise,  the 
nucleus — often  duplicated,  particularly  in  herbivorous  animals, 
almost  one-third  in  size  that  of  the  entire  cell,  and  containing 
nucleoli — would  represent  a  useless  structure.  It  seems  evi- 
dent, judging  by  the  appearance  of  the  cell  as  a  whole,  there- 
fore, that  the  nucleus,  which,  as  we  have  seen,  is  surrounded 
by  a  thin  limiting  layer  of  protoplasm,  must  impart  its  energy 
to  this  layer.  This,  in  turn,  being  the  central  terminal  of  all 
the  partitions,  which,  along  with  the  cell's  own  pscudocovering, 
are  protoplasmic,  the  vacuoles  become  receptxicles,  as  it  were, 
of  the  products  of  their  walls. 

Again,  when  we  behold  the  minute  canals  so  clearly  shown 
in  Schiifers  illustration  (shown  on  page  340)  a  direct  commu- 
nication with  parts  external  to  the  cell  is  evident  in  several 
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places,  and  it  seems  clear  that,  if  his  carmine  gelatin  could 
penetrate  througli  these,  so  could  an  equally  viscid  substance, 
and  with  still  greater  ease,  the  blood-plaama.  As  "no  injection 
in  the  intercellular  bile-canaliculi  nor  in  the  perivascular  lym- 
phatics nor  between  the  cells"  could  be  detected,  the  penetra- 
tion of  the  gelatin  can  hardly  be  ascribed  to  undue  stress. 
'There  being,"  also,  "no  diffusion  of  carmine  nor  any  staining 
of  the  cells  or  nuclei  bv  carmine,"  the  nucleo-mural  net-work  to 
which  I  refer  must  be  an  independent  structure,  circumscrib- 
ing two  kinds  of  cavities :  the  canals  and  the  vacuoles.  The  ca- 
nals communicating  with  the  exterior  of  the  cell,  they  are  prob- 
ably the  receiving  cavities,  while  the  vacuoles,  their  neighbors, 
are  the  spaces  in  which  the  useful  products  of  metabolism  are 
accumulated.  The  canals  themselves,  continuing  until  Kupf- 
fer's  vesicle  is  reached,  would  thus  pour  their  excretory  con- 
tents— bile  and  its  various  constituents — into  this  cavity,  and 
this,  in  turn,  would  convey  them  to  the  intercellular  bile-capil- 
laries through  its  own  canals. 

Whether  so  direct  a  connection  between  the  intercellular 
capillaries  and  the  bile-channels  through  the  cell  exists  is  a 
point  to  be  determined.  Bile  and  the  various  bodies  excreted 
with  it  would  be  voided  as  are  the  intestinal  contents,  the 
canalicular  walls  taking  up  certain  elements,  while  physiolog- 
ical substances  would  be  mixed  with  the  substances  in  transit 
for  definite  purposes. 

The  first  question  that  suggests  itself  is  the  following: 
Is  glycogen  formed  during  the  active  functional  activity  of  the 
liver  (during  digestion)  or  during  its  passive  state  (between 
meals)  ?  We  have  seen  that  the  production  of  urea  is  increased 
immediately  after  a  meal;  we  have  evidence,  therefore,  that  an 
active  state  based  upon  increased  oxidation  processes  must 
prevail,  and  that  it  is  during  digestion  that  the  substances  out 
of  which  glycogen  is  formed  reach  the  liver,  i.e.,  while  the 
oxidizing  substance  is  present  in  the  capillaries.  This  suggests 
that  the  oxidizing  substance  must  itself  take  part  in  the  forma- 
tion of  glycogen,  though  perhaps  indirectly,  and  also  in  the 
elaboration  of  bile. 

The  main  coloring  constituent  of  bile,  bilirubin,  I  have 
previously  considered  as  the  product  of  a  reaction  in  the  inter- 
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cellnlar  capillaries.  As  such  it  is  probably  eliminated  with  the 
bile  merely  because  its  high  oxygen  constituent  places  it  be- 
yond the  limits  of  further  oxidation.  Yet  we  have  in  another 
component  of  bile,  biliverdin,  evidence  that  some  oxidizing 
process  occurs  during  the  passage  of  bilirubin  through  the 
cell,  under  certain  circumstances, — perhaps  when  more  oxidiz- 
ing substance  is  present, — for  Howell  says:  "Biliverdin  is  sup- 
posed to  stand  to  bilirubin  in  the  relation  of  an  oxidation 
product.  Bilirubin  is  given  the  formula,  CieH^gNjOa,  and 
biliverdin,  Ci^HigNgO^,  the  latter  being  prepared  readily  from 
pure  specimens  of  the  former  by  oxidation.^' 

With  this  evidence  that  oxidation  does  play  some  role 
of  the  processes  involved,  it  will  facilitate  my  task  to  briefly 
review  the  mutual  relations  of  main  biliary  constituents.  By 
far  the  larger  proportion  of  these  is  made  up  of  the  bile  acids, 
namely:  the  sodium  salts  of  cholic  acid, — i.e.,  glycocholic  and 
taurocholic  acid.  These  are  obtained  from  cholic  acid  derived 
itself  from  sugars  and  fats  (Yoit).  Now,  Tappeiner^®  found 
that  cholic  acid  yielded  fatty  acids  on  oxidation,  and,  since 
taurocholic  and  glycocholic  acids  are  fatty  acids,  this  suggests 
that  they  become  such  during  their  passage  through  the  hepatic 
cells  and  as  the  result  of  an  oxidation  process. 

The  various  phases  of  tjie  process  in  the  hepatic  cells 
become  clear  when  the  oxidizing  substance  is  included  as  one 
of  the  intrinsic  factors  involved.  The  blood-plasma  of  the 
portal  vein  contrihutes  the  sugars  and  fats  (along  with  the 
waste-products  to  be  excreted),  while  the  hepatic  artery  sup- 
plies plasma  containing  the  oxidizing  substance.  All  three 
active  agents  meeting  in  the  canaliculi,  a  part  of  the  sugar 
(according  to  the  proportion  of  oxidizing  substance  present) 
and  all  the  fat  (if  the  proportion  of  oxidizing  substance  is  not 
abnormally  reduced  by  suprarenal  insufficiency)  are  oxidized 
into  cholic  acid.  But,  as  the  blood  also  contains  glycocoU 
(probably  collagen-cartilage,  mucin,  connective  tissue,  and 
gelatin-waste),  glycocholic  acid  is  fonned.  Again,  since  the 
blood  likewise  contains  taurin  (probably  muscle  and  pulmonary- 
tissue  waste),  taurocholic  acid  is  formed.  Just  the  amount  of 
oxidizing   substance   necessary   being   supplied   by   tlie   hepatic 

"•Tappeiner:     ZeiUchrlft  fttr  Blologle,    Bd.    xii,    S.    60,    1876. 
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artery  to  each  lobule,  to  properly  regulate  the  functions  in- 
volved, only  the  required  sugar  is  burnt  by  the  oxidizing  sub- 
stance. The  rest,  under  the  influence  of  the  nuclei  of  the 
hepatic  cells  and  the  mural  protoplasm  of  the  latter^  is  con- 
verted  into  glycogen  and  collected  in  the  adjoining  alveoli. 

But  we  must  also  account  for  the  elimination  of  the  many 
waste-products  that  are  found  in  bile.  An  interesting  feature 
connected  with  these  fatty  acids  is  that  they  can  combine 
synthetically  with  other  bodies,  even  with  proteids,  while  they 
are  simultaneously  able  to  emulsify  the  more  insoluble  soaps 
and  other  fatty  acids  and  thus  insure  their  elimination.  Again, 
cholesterin,  mainly  derived  from  the  white  matter  of  the 
cerebro-spinal  axis  and  nerves  (Flint),  in  which  it  occurs  in 
abundance  (Foster),  was  formerly  considered  as  a  fatty  sub- 
stance capable  of  undergoing  saponification,  but  it  is  now 
classed  among  alcohols:  the  only  alcohol  that  occurs  in  the 
organism  in  a  free  state.  This  body  is  not  only  soluble  in 
solutions  of  the  biliary  acids  also,  but  it  combines  with  acids, 
including  glycocliolic  acid.  The  importance  of  this  fact  appears 
when  it  is  recalled  that  insufficiency  of  glycocliolic  acid  in  this 
connection — and  also,  perhaps,  of  oxidizing  substance — is  the 
main  source  of  gall-stones.  The  cholesterin  being  a  constant 
constituent  of  bile,  when  there  is  not  enough  glycocholic  acid 
present  to  take  it  up,  it  is  precipitated  in  the  gall-bladder  and 
there  forms  the  calculi  of  which  it  is  the  main  component. 
Another  body  derived  from  nervous  structures,  but  which,  like 
cholesterin,  is  to  be  found  in  otlier  fluids,  especially  blood- 
serum,  is  lecithin.  This  body,  besides  others  not  mentioned, 
only  occurs,  however,  in  very  limited  proportions. 

It  is  now  evident  that  glycocholic  acid  and  taurocholic 
acid  should  be  looked  upon  as  functional  acids,  in  the  sense 
that  they  are  not  only  vehicles  for  waste-products  of  metabo-' 
lism,  but  are  also  capable  of  submitting  them  to  dissociating 
reactions  under  the  influence  of  the  oxidizing  substance.  They 
are  sources  of  energy  precisely  as  myosinogen  appears  to  be  a 
source  of  energy,  and  capable  of  becoming  factors  of  combus- 
tion phenomena  when  in  contact  with  the  latter  substance. 
They  are  also  truly  physiological  in  the  sense  that  they  serve 
to  recover  or  economize  those  products  which  can  again  be 
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used  by  the  organism.  Indeed^  they  (or  at  least  a  part  of  their 
decomposition  products)  are  again  absorbed  by  the  intestinal 
mucous  membrane^  and^  passing  through  the  venous  channels^ 
probably  take  up  therein  and  transfer  to  the  hepatic  cells  what 
waste-matter  they  are  to  carry  to  the  intestinal  tract.  We 
thus  have  in  the  cellular  canaliculi  two  acids  endowed  with 
powerful  affinities  and  an  active  reagent,  the  oxidizing  sub- 
stance, to  accoimt  for  the  processes  of  a  chemical  nature  con- 
nected with  the  functions  of  the  hepatic  cell. 

Of  course,  all  this  involves  the  necessity  of  showing,  as  a 
controlling  factor,  that  products  of  combustion  are  also  pres- 
ent. The  following  lines  by  Professor  Ilowell  give  this  feature 
due  emphasis;  referring  to  bile,  he  says:  "The  secretion  con- 
tains also  a  considerable,  though  variable,  quantity  of  CO2  gas, 
held  in  such  loose  combination  that  it  can  be  extracted  with  a 
gas-pump  without  the  addition  of  acid.  The  presence  of  this 
constituent  serves  as  an  indication  of  the  extensive  metabolic 
changes  occurring  in  the  liver-cells." 

Again,  the  clement  of  nervous  control  implied  when  I 
referred  to  the  oxidizing  substance  contributed  by  the  hepatic 
arter}'  must  be  shown.  We  have  seen  that  the  vagus  was  the 
ociive  nerve  during  functional  activity  of  the  stomach;  that  it 
should  likewise  govern  liepatic  functions  is  obvious.  That  such 
is  the  case  is  sustained  bv  no  less  an  authority  than  Claude 
Bernard,  to  whom  we  owe  the  discovery  of  glycogen — one  of 
his  greatest  achievement? — and  whose  conceptions  have  been 
almost  all  sustained  hy  all  the  labor  bestowed  upon  them  since. 
He  not  only  found  tliat  the  vagus  was  the  predominating  nerve 
in  the  liver,  but  that  its  section  also  suppressed  its  glycogenic 
function. 

The  fate  of  glycogen,  its  conversion  into  sugar  for  the  use 
of  muscular  and  other  tissues,  may  now  be  analyzed  with 
greater  facility. 

Mv  analysis  of  muscular  functions  led  me  to  the  deduction 
that  the  contractile  elements  contained  a  substance,  mvosino- 
gen,  which,  when  brought  into  contact  with  the  oxidizing  sub- 
stance of  the  plasma,  became  the  source  of  the  muscle's  work- 
ing energ}'.  Ample  evidence  was  afforded  to  show  that  we 
were  dealing  with  an  oxidation  process,  the  intensity  of  which 
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was  commensurate  with  the  amount  of  blood  that  the  arterioles 
supplied  to  the  contractile  tubular  elements.  There  seems  to 
be  considerable  analog}'  between  this  process  and  that  which 
prevails  in  the  hepatic  lobule.  Howell  alludes  to  this  in  the 
following  words,  which  well  recall  the  fact  that  we  referred  to 
glycogen  as  the  main  constituent  of  myosinogen :  'The  history 
of  glycogen  is  not  complete  without  some  reference  to  its  oc- 
currence in  the  muscles.  Glycogen  is,  in  fact,  found  in  various 
places  in  tlie  body,  and  is  widely  distributed  throughout  the 
animal  kingdom.  It  occurs,  for  example,  in  leucocytes,  in  the 
placenta,  in  the  rapidly-growing  tissues  of  the  embryo,  and  in 
considerable  abundance  in  the  ovstcr  and  other  mollusks.  But 
in  our  bodies  and  in  those  of  the  mammals  generally  the  most 
significant  occurrence  of  glycogen,  outside  the  liver,  is  in  the 
voluntary  muscles,  of  which  glycogen  forms  a  normal  con- 
stituent." 

The  similarity  between  muscular  and  hepatic  sources  of 
energy  is  further  emphasized  when,  in  the  following  paragraph, 
Howell  says:  "In  accordance  with  the  view  given  above  of  the 
general  value  of  glycogen — namely:  that  it  is  a  temporary 
reserve-supply  of  carbohycVato  material  that  may  be  rapidly 
converted  info  sugar  and  a.rb(Jized/^  tvitli  the  liberation  of  en- 
crgy — it  is  found  that  the  supply  of  glycogen  is  greatly  affected 
by  coiulitious  calling  for  iucreased  metabolism  in  the  body. 
Muscular  exercise  will  quickly  exhaust  the  supply  of  muscle  and 
liver  glycogen  provided  it  is  not  renewed  by  new  food.  In  a 
starving  aiiinial  glycogen  will  finally  disappear,  except  perhaps 
in  traa^s;  but  this  disappearance  will  occur  much  sooner  if 
the  animal  is  made  to  use  its  muscles  at  the  same  time.  It 
has  been  shown  also  bv  Morat  ard  Dufourt  that,  if  a  muscle 
has  been  made  to  contract  vigorously,  it  will  take  up  much 
more  sugar  from  an  artificial  supply  of  blood  sent  through  it 
than  a  similar  muscle  which  has  been  resting;  on  the  other 
hand,  it  has  been  found  that,  if  the  nerve  of  one  leg  is  cut  so 
as  to  j-jaralyze  the  muscles  of  that  side  of  the  body,  the  amount 
of  glycogen  will  increase  rapidly  in  these  muscles  as  compared 


2"  The    italics    arc    my    own. 
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with  those  of  the  other  leg,  that  have  been  contracting  mean- 
time and  using  up  their  glycogen/' 

These  facts  clearly  indicate  that  oxidation  processes  are 
not  in  order  here,  since  glycogen  is  a  source  of  energy,  intended, 
therefore,  for  subsequent  oxidation  wherever  it  is  distributed. 
Indeed,  Professor  Foster  remarks,  in  this  connection:  "It  was 
formerly  believed  that  this  sugar  underwent  an  immediate  and 
direct  oxidation  as  it  was  circulating  in  the  blood.  ...  It 
is  sufficient  for  us  at  the  present  to  admit  that  tlie  sugar  is 
made  use  of  in  some  way  or  other.''  Referring  to  the  physio- 
logical uses  of  glycogen,  he  also  says:  "The  main  purpose  of 
the  deposition  of  glycogen  is  to  afford  a  store,  either  general 
or  local,  of  carbohydrate  material,  which  can  be  packed  away 
without  much  trouble  so  long  as  it  remains  glycogen,  but  which 
can  be  drawn  upon  as  a  source  of  soluble  circulating  sugar 
whenever  the  needs  of  this  or  that  tissue  demand  it."  That 
the  oxidizing  substance  has  nothing  to  do  with  the  process  is 
clear. 

The  conversion  of  glycogen  into  sugar  in  the  liver  appears 
as  a  wasted  function,  the  carbohydrates  having  been  already 
split  into  dextrose  or  dextrose  and  levulose  in  the  portal  sys- 
tem. Whv  thev  do  not  merely  pass  on  to  the  several  tissues 
seems  strange.  But  it  soon  becomes  evident  that,  were  it 
otherwise,  sugar  would  accumulate,  then  be  excreted  by  the 
kidneys,  and  lost,  since  there  can  only  be  a  i\yiQi[  and  limited 
(0.1  or  0.2  per  cent.)  amount  of  sugar  in  the  circulation  at  a 
given  time.  So  u^ol'iil  a  siih?tance  i?,  therefore,  stored,  after 
dehydration,  in  tlie  hepntie  cell  as  glycoiron,  and  converted  into 
sugar  according  to  the  needs  of  the  organism. 

Conversion  of  the  liver  glycogen  into  dextrose  is  generally 
ascribed  to  a  special  IVrnient,  tliought  to  originate  in  the  liver, 
but  the  nature  of  wliich  has  remained  undetermined.  The 
experiment  of  Claude  Bernard,  upon  which  tliis  view  is  mainly 
based,  is  the  following,  as  related  by  Stewart:  "A  rabbit,  after 
a  large  carbohydrate  meal — of  carrots,  for  instance — is  killed 
and  its  liver  rapidly  excised*  cut  into  small  pieces,  and  thrown 
into  acidulated  boilimr  water.  After  heinir  boiled  for  a  few 
minutes  the  pieces  of  liver  are  rubbed  up  in  a  mortar  and  again 
boiled  in  the  same  water.     The  opalescent  aqueous  extract  is 
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filtered  off  from  the  coagulated  proteids.  No  sugar,  or  only 
traces  of  it,  is  found  in  the  extract,  but  another  carbohydrate 
— ^glycogen,  an  isomer  of  starch,  giving  a  port-wine  color  with 
iodine  and  capable  of  ready  conversion  into  sugar  by  amylolytic 
ferments — is  present  in  large  amount.  Again,  the  liver,  after 
the  death  of  the  animal,  is  left  for  a  time  in  situ,  or,  if  excised, 
is  kept  at  a  temperature  of  30°  to  40**  C.  or  for  a  longer  period 
at  a  lower  temperature;  it  is  then  treated  exactly  as  before, 
but  no  glycogen,  or  comparatively  little,  can  now  be  obtained 
from  it,  although  sugar  (dextrose)  is  abundant  The  infer- 
ence plainly  is  that  after  death  the  hepatic  glycogen  is  con- 
verted into  dextrose  by  some  influence  which  is  restrained  or 
destroyed  by  boiling.  This  influence  may  be  due  to  an  un- 
formed ferment  or  to  the  direct  action  of  the  liver-cells,  for  both 
unformed  ferments  and  living  tissue-elements  are  destroyed 
at  the  temperature  of  boiling  water.'' 

AnotluT  explanation  suggests  itself  to  me  if,  instead  of  a 
ferment  of  hepatic  origin,  we  hypothetically  use  one  of  ex- 
ternal origin:  In  the  first  procedure  immediate  immersion  in 
boiling  water  destroyed  tlie  ferment  which  happened  to  be  in 
the  blood-vessels,  while,  in  the  second,  the  ferment  was  given 
time  to  act.  The  difference  in  the  conclusions  vouchsafed  is 
simply  this:  no  thought  being  given  to  the  blood-vessels,  the 
fennent  could  only  ])e  considered  as  of  cellular  origin.  We 
have  seen  how  many  functions  ascribed  to  the  hepatic  cells 
really  belonged  to  tlie  intercellular  blood-stream;  this  seems 
to  be  an  additional  one. 

Admitting  that  we  are  dealing  with  a  ferment  of  external 
origin,  from  which  organ  could  we  expect  it  to  be  derived? 
Can  we  attribute  the  process  to  ferments  from  the  salivary 
glands  or  pancreas?  If  it  is  produced  only  by  digestive  fer- 
ments,— i.e,,  amylolytic  ferments  poured  out  during  digestion, 
— why  does  glycosuria  appear  irrespective  of  any  digestive 
process  when  the  floor  of  the  fourth  ventricle  is  punctured,  as 
shown  bv  Claude  Bernard?  He  also  found  that  convei*sion  of 
glycogen  into  sugar  was  a  continuous  process,  carried  on  to 
subserve  the  needs  of  the  organism:  a  perfectly  logical  con- 
chision  if  the  liver  is  really  a  storehouse  for  this  substance. 
Again,  the  quantity  of  sugar  in  the  blood,  as  we  have  seen, 


QLTGOOBN  AND  ITS. FORMATION.  855 

h  smally  but  oonttant  How  could  we  account  for  these  feat- 
lUQB  of  the  problem  with  ferments  transmitted  through  the 
digestiTeiiact? 

Finilly,  sugars  thus  produced — i.e.,  from  amylolytic  fer- 
ments seexeted  by  the  digestive  tract — do  not  seem  to  be 
dextrose,  the  sugar  produced  by  the  supposed  hepatic  ferment. 
Thus,  ProfesBor  Foster  says:  ^^In  the  case  of  the  amylolytic 
fennent  of  saliy%  pancreatic  juice,  intestinal  juice,  and,  in- 
deedy  of  all  other  amylolytic  animal  fluids,  tlie  sugar  into  which 
starch  or  glyc<^gen  is  converted  is  maltose.  Now,  the  sugar 
which  appears  in  the  liver  after  death  is  dextrose,  identical, 
as  far  at  least  as  can  at  present  be  made  out,  with  ordinary 
dexiraee."  It  is  evident  that  a  ferment  other  than  the  amy- 
lopsin  connected  with  the  digestive  process  must  be  the  active 
on^  and  that  it  must  reach  the  liver  by  a  channel  other  than 
the  intestinal  tract,  the  villi,  etc.  Again,  it  must  be  very 
nearly  similar  to  the  salivary  and  pancreatic  amylolytic  fer- 
ments. The  salivary  glands  are  so'  remote  anatomically  that 
they  can  hardly  be  considered;  we  are  brought,  therefor^  to 
the  pahcreas  as  the  only  organ  which  could  act  as  source  of  a 
ferment  or  diastase  having  for  its  main  fui^ction  to  convert 
glycogen  into  dextrin. 

As  shown  by  von  Mehring,  Minkowski,  and  de  Dominicis, 
removal  of  the  pancreas  causes  marked  glycosuria,  and  this 
persists  whether  the  animal  be  given  carbohydrates  or  not. 
All  the  other  symptoms  of  diabetes  mellitus  appear, — ^namely: 
increased  flow  of  urine,  considerable  urea,  acetone,  etc.;  great 
thirst  and  hunger,  emaciation,  marked  muscular  weakness, — 
followed  by  death  in  two  to  four  weeks.  Indeed,  we  are  vividly 
reminded  of  the  suprarenal  glands,  on  ascertaining  that  graft- 
ing of  a  piece  of  pancreas  in  tlie  abdomen  or  skin  will  arrest 
the  glycosuria,  and  that,  if  a  small  portion  of  the  organ  is  left, 
the  symptoms  will  disappear.  Again,  whether  carbohydrates 
are  given  as  food  or  not,  the  glycogen  disappears  from  the 
liver,  '^e  may  believe,  from  these  experiments,"  says  Howell, 
'Hhat  the  pancreas  produces  a  substance  of  some  kind  that  is 
given  oflf  to  the  blood  or  lymph,  and  is  either  necessary  for 
the  normal  consumption  of  sugar  in  the  body  or  else,  as  is 
held  by  some,  normally  restrains  the  output  of  sugar  from  the 

23 
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liver  and  other  sugar-producing  tifisues  of  fho  body.  Wliat 
this  material  is  and  how  it  acts  has  not  yet  been  determined 
satisfactorily.^  That  we  are  dealing  with  an  internal  secre- 
tion is  clear,  and,  such  being  the  case,  the  secretion  probably 
passes  out  into  the  blood  by  the  pancreatic  vein,  which  ''opens 
into  the  splenic  and  mesenteric  veins.''  As  these  open,  in  turn, 
in  the  portal  vein,  the  pancreas  would  then  supply  a  special 
ferment  for  the  conversion  of  glycogen  into  a  functional  sugar. 

If  the  foregoing  symptoms  are  closely  scrutinized,  it  soon 
becomes  apparent  that  the  functions  of  the  pancreas — as  will 
be  shown  in  the  next  chapter — are  far  more  important  than  is 
generally  believed.  For  the  present,  however,  we  will  limit  our 
inquiry  to  the  subject  in  point. 

The  fact  that,  notwithstanding  the  ingestion  of  carbo- 
hydrates, the  glycogen  will  totally  disappear  from  the  liver  is 
easily  accounted  for.  A  prominent  function  of  the  pancreas 
during  intestinal  digestion  is  to  transform  starches  into  malt- 
ose, to  insure  absorption  of  this  sugar.  When  the  organ  is 
removed,  therefore,  its  amylopsin  is  no  longer  furnished  to  the 
intestinal  contents,  starches  are  not  properly  converted,  and 
the  portal  vein  carries  no  maltose  to  the  hepatic  lobule.  The 
production  of  glycogen,  therefore,  ceases.  The  fact,  however, 
that  we  can  so  easily  account  for  this  phenomenon  suggests 
that : — 

1.  The  pancreas  is  the  organ  upon  which  all  the  preliminary 
functions  connected  with  the  formation  of  glycogen  depend. 

2.  Its  amylopsin  converts  starches  in  the  intestine  to  pre- 
pare them  for  the  elaboration  of  glycogen  in  the  hepatic  cell. 

3.  Its  internal  secretion,  supplied  to  the  portal  system  by 
way  of  the  splenic  vein,  converts  glycogen  into  dextrose. 

That  we  are  on  the  right  path  is  suggested  by  a  series  of 
experiments  ])y  Croftan,*^  in  which  the  conversion  of  glyc- 
ogen into  sugar  was  obtained  by  means  of  injections  of  supra- 
renal extract:  "Incomplete  as  these  experiments  are,''  says 
the  author,  "they  reveal  the  fact  that  the  injection  of  supra- 
renal extract  can  cause  the  excretion  of  dextrose  provided  the 
quantity  injected  is  sufficiently  large.    Why  in  the  case  of  one 


"Croftan:     Amorlcan    Medicine,   Jan.    18,   1902. 
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animal  more  must  be  given  than  in  the  case  of  another  to  pro- 
duce approximately  the  same  excretion  is  undecided  and  re- 
mains to  be  determined/^  Dwelling  upon  the  presence  in  the 
adrenals  of  a  diastatic  ferment,  he  states  that  ^'two  possibilities 
may  present  themselves,  viz.:  either  the  suprarenals  manu- 
facture a  diastatic  ferment  or  they  retain  the  diastatic  ferment 
that  is  formed  elsewhere  in  the  body  (pancreas,  salivary  glands) 
when  it  is  carried  to  them  in  the  blood-  or  lymph-  stream/* 
The  author  also  refers  to  the  investigations  of  F.  Blum,^^  who, 
"testing  the  effects  of  suprarenal  extract  empirically,"  discov- 
ered "glycosuria  in  22  out  of  25  animals  that  he  operated  on.*' 
My  interpretation  of  the  manner  in  which  these  investigators 
reached  their  results  is,  of  course,  not  that  of  Croftan,  since, 
as  I  view  the  process,  the  oxidizing  substance  constitutes  the 
active  suprarenal  agency  as  a  compound  of  suprarenal  secretion 
and  oxygen. 

We  are  dealing  with  enhanced  physiological  activity  some- 
where. Indeed,  Croftan  says:  "In  order  that  hyperglycosuria 
be  produced  the  amount  of  sugar  normally  poured  into  the 
blood  must  be  increased,  or  the  amount  nonnally  destroyed 
must  be  decreased.**  That  excessive  activity  was  either  pro- 
cured by  the  injected  extract  or  by  overstimulation  of  the 
adrenals,  both  leading  to  total  insuificienoy,  is  shown  by  the 
brief  history  of  one  of  the  animals:  "The  second  rabbit  died 
in  one  hour  and  ten  minutes;  here  some  spasmodic  s\Tnptomp, 
involving  chiefly  the  posterior  extremities,  preceded  the  coma." 
Referring  to  two  ral^hits,  including  the  latter,  the  first  having 
died  in  two  hours  and  forty  minutes  and  to  "all  others  to  be 
spoken  of  presently"  (six,  all  told),  he  says:  "Dextrose  was 
identified  in  the  urine  by  its  eupric-reducing  powers  and  the 
phenylhydrazin  test;  in  one  of  the  dogs  in  addition  by  circum- 
polarization  and  yeast  fermentation.  The  substance  excreted 
was  undoubtedly  dextrose.  The  amount  excreted  would  be  far 
too  large  to  be  explainable  by  a  splitting  of  the  jecorin-like 
substance  mentioned  above;  it  would  not,  moreover,  be  pos- 
sible for  considerable  quantities  of  dextrose  derive<l  from  this 
source  to  a])pear  in  the  urine  for  several  days  after  the  injec- 


w  F.    lUum:     Deutsche  Archlv   f.   klin.    M«d.,   Oct   31.  1901. 
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lion."  Excessive  stimulation  by  a  great  increase  of  oxidizing 
pubfitanec  in  the  blooil  evidently  occurred.  As  soon  as  the 
extract  was  injected  it  was  carried  to  the  lungs,  and  lost  its 
individuality  immediately  therein  by  taking  np  oxygen.  It 
could  no  longer,  therefore^  act  as  a  diastase. 

The  question  now  to  decide  is  this:  General  stimulation 
enhanced  the  production  of  an  amylolytic  ferment  either  by 
the  liver  or  by  tlie  pancreas.  To  which  organ  can  we  ascribe 
this  function?  Since  oxidation  destroys  sugar,  a  great  excess 
of  oxidizing  substance  in  the  blood  would  bum  sugar  actively 
on  all  sides  and  proilucc  the  opposite  of  glycosuria:  i.e,,  ex- 
cessive combustion  and  rapid  disappearance  of  the  liver  gly- 
cogen through  abnormal  use  of  it  in  the  other  organs.  But 
here  we  have^  as  a  result  of  a  great  increase  of  oxidizing  sub- 
stance in  the  blood,  marked  glycosuria,  and  that  evidently 
without  preliminan'  feeding,  since  this  fact  is  not  mentioned 
by  C'roftan.  xVs  the  oxidizing  substance  does  not  affect  gly- 
cogen, that  of  the  liver  could  not  be  converted  by  it  into  sugar; 
hence  the  excessive  production  of  the  latter  can  (Hily  be  ac- 
counted for  by  an  equally  excessive  production  of  amylolytic 
ferment. 

Claude  Bernard  showed  that  conversion  of  glycogen  into 
sugar  took  place  more  rapidly  when  the  blood  was  made  to 
traverse  the  liver  with  unusual  speed.  Yet  he  attributed  the 
torniation  of  the  ferment  to  the  liver,  having  obtained  it  from 
pulp  nibbed  up  and  treated  with  glycerin,  after  the  liver  had 
been  washed  out  so  as  to  remove  the  vascular  contents.  But  it 
seems  clear  that  injections  by  the  ])ortal  vein  will  hardly  deplete 
the  liver  of  every  particle  of  the  ferment  in  its  minute  lobular 
capillaries,  while  reduction  of  its  substance  to  pulp  and  a  three 
days'  immersion  in  glycerin  will  dissolve  all  that  contained  in 
the  latter.  When  we  consider  how  readily  conversion  can  be 
produced, — even  by  traces  of  soluble  albumin,  according  to 
Seegen, — it  is  evident  that  upon  the  addition  of  water  to  the 
glycerin  solution  the  very  small  proportion  that  may  have  re- 
mained imprisoned  in  some  of  the  lobules  will  suffice  for  the 
conversion  of  glycogen. 

One  of  C'laude  Bernard's  experiments  seems  to  me  to  afford 
proof  that  the  amylolytic  ferment  reaches  the  liver  through 
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the  portal  yein.  By  ligating  the  latter  vessel  he  created  a 
collateral  circulation^  and  shifted  the  portal-blood  stream  into 
the  general  circulation.  Ten  or  12  grammes  of  sugar  were 
then  given  to  the  animal^  and  sugar  was  soon  found  in  the 
urine.  In  a  normal  dog^  on  the  other  hand^  50  to  80  grammes 
had  to  be  administered  before  this  result  was  obtained  (M. 
Duval**).  The  absence  of  sugar  in  the  latter  animal's  urine 
until  a  very  large  quantity  of  sugar  had  been  ingested  dis- 
tinctly shows  that  conversion  of  its  glycogen  only  occurred 
because  its  portal  vein  was  open;  in  the  other  dog  it  was  not 
converted  glycogen  that  passed  into  the  urine,  but  maltose, 
i.e.,  intestinal  starch  which  had  been  submitted  to  the  action 
of  the  pancreas's  intestinal  ferment, — i.e.,  amylopsin.  If  we 
now  couple  the  fact  that  conversion  of  liver-glycogen  only  oc- 
curs when  the  portal  vein  is  free  with  Claude  Bernard's  ob- 
servation that  increased  speed  of  the  portal  blood  through  the 
liver  causes  the  glycogen  to  be  converted  more  rapidly,  it  seems 
clear  ffiat  the  conversion  process  is  not  dm  to  an  hepatic  fer- 
ment, and  that  the  pancreas  supplies,  as  an  internal  secretion, 
the  ferment  which  converts  glycogen  into  dextrose. 

A  perplexing  feature  of  all  this  requires  elucidation,  how- 
ever. If,  as  we  have  stated,  the  blood-plasma  contains  an 
oxidizing  substance,  why  is  the  sugar  not  oxidized  on  its  way 
to  the  tissues  of  distribution?  Armand  Gautier^*  refers  to  the 
investigations  of  Jaquet,  which  demonstrated  that  sugars 
mixed  with  blood  containing  the  oxidation  ferment  previously 
referred  to,  and  which  we  found  to  be  of  suprarenal  origin, 
did  not  become  oxidized.  He  ascertained,  however,  that  upon 
adding  to  the  blood  a  small  quantity  of  fine  pulp  of  muscle, 
lung,  or  of  any  other  organ,  the  oxygen  was  absorbed.  This 
obviously  indicates  that  dextrose  passes  through  the  blood  with- 
out being  destroyed,  and  it  can  only  become  oxidized  after  com- 
bining with  bodies  produced  by  the  organs  to  which  it  is  dis- 
tributed. 

General  Functions  of  the  Liver,  Spleen,  and  Pancreas. — ^All 
the  facts  reviewed  in  this  chapter  suggest  the  following  conclu- 
sions as  to  the  functions  of  the  liver,  spleen,  and  pancreas: — 

••M.    Duval:     JjOC.    cit.,    p.    378. 

M  Armand  Gautler:     "La  Chimie  do  I3  Cellule  Vivantc,"  p.  98. 


3G0         THE  ADRENAL  8YSTB1I  AND  THE  DIGB8TIVB  ORGANS. 

i.  The  hepaiic  artery,  owing  io  the  oxidizing  substance 
(adrenoTidase)  that  its  plasma  contains  and  the  mode  of  dis- 
iribuiion  of  its  terminal  capillaries,  supplies  the  exogenous 
chemical  energy  which  initiates  and  sustains  ail  reactions  in  the 

hepatic  lobule  that  require  oxygen. 

2.  The  nervous  supply  of  the  liver  is  composed,  first,  of 
terminal  subdivisions  of  the  vagus,  which  enhance  the  activity 
of  all  its  functions  by  causing  dilation  of  the  hepatic  arteri- 
oles; and,  second,  of  terminal  subdivisions  of  the  sympaihetic, 
which,  by  causing  constriction  of  these  arterioles,  reduce  the 
functional  activity  of  the  organ, 

S.  In  the  normal  subject  the  liver  is  anatomically  isokUed 
from  structures  that  come  into  contact  with  bacteria,  and  prO' 
tected  against  their  intrusion  by  the  bactericidal  products  of  the 
intestinal  glands  and  follicles, 

Jf,  The  capillaries  of  the  hepatic  lobules,  owing  to  the  ad- 
mixture  therein  of  the  hepatic  artery's  oxidizing  substance 
(adrenoxidase)  with  the  portal  vein's  waste-laden  blood,  are  the 
seat  of  several  functions  now  ascribed  to  the  hepaiic  cell. 

5.  Blood-pigments  and  iron,  derived  from  the  intestine  and 
spleen,  simultaneously  penetrate  the  hepatic  lobule,  and  com* 
bine  with  the  adrcnoxiilase  therein  to  form  hcemoglobin.  The 
vncomhincd  pigment  is  eliminated  with  the  bile  as  bilirubin, 

().  Urea  is  the  end-product  of  three  successive  reactions, 
viz.,  (1)  nitrogenous  bodies  are  reduced  to  amides  in  the  afferent 
reins, — mesenteric  and  portal;  (J)  the  amides  are  dissociated 
into  ammonia,  carhonic  acid,  and  water  by  the  oxidizing  sub- 
stance ( ad  re  n  oxidase)  in  the  hepatic  lobule;  (3)  urea  is  formed 
by  synthesis  in  the  efferent  veins, — hepatic  and  vena  cava, 

7,  The  hepatic  cell  contains,  besides  its  vacuoles  and  nuclei, 
numerous  canaliculi  (Schiifer)  and  a  vesicular  vacuole  which 
opens  info  the  hile-capillaries  by  a  cajialiculus  (Kupffer);  the 
canaliculi  and  the  vesicular  vacuole  are  probably  connected, 

iS.  Glycocholic  acid  and  taurocholicacid  are  functional  acids, 
inasmuch  as  they  dissociate  and  appropriate  waste-products,  and, 
under  the  influence  of  the  oxidizing  substance,  convert  them  into 
excrement itious  products  in  the  canaliculi  of  the  hepatic  cells. 

9.  The  waste-products  so  converted  by  the  biliary  acids  and 
the  latter  themselves,  constituting  bile,  are  transferred,  along 
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with  other  products  far  which  the  latter  may  serve  as  vehicle,-^ 
bilirubin,  earthy  salts,  etc., — to  the  vesicular  vacuole  of  the  cell 
and  eliminated  by  the  canaliculus  that  opens  into  the  bile^ 
capillaries, 

10,  The  biliary  acids{,  blood-pigments,  iron,  and  other  bodies 
or  any  of  their  components,  that  may  prove  useful  to  the  or- 
ganism are,  entirely  or  in  part,  reabsorbed  by  the  intestinal 
venules  and  returned  to  the  portal  circulation, 

11,  The  sugars  converted  from  intestinal  foodstuffs  in  the 
intestines  are  brought  to  the  hepatic  lobule  with  the  portal  blood, 
and  penetrate  the  canaliculi  with  the  latter  and  with  the  oxi- 
dizing substance.  During  the  bile-forming  reaction  the  sugars 
are  dehydrated,  and,  probably  with  the  assistance  of  the  cellular 
protoplasm,  converted  into  glycogen, 

12,  The  liver  glycogen  is  converted  into  dextrose  by  an 
amylolytic  ferment  supplied  by  the  pancreas  as  an  internal 
secretion,  which  enters  the  portal  circulation  by  the  splenic  vein, 

IS.  Dextrose  is  distributed  to  the  organs  in  which  it  is 
used  as  a  source  of  energy  by  the  blood,  and  only  becomes  vul- 
nerable to  oxidation  when  combined  with  products  of  metabO" 
Usm  furnished  by  those  organs. 


CHAPTEB  VIII. 

THE  INTP]RXAL  SECRETIONS  OF  THE  PANCREAS 

AND   SPLEEN. 

Glycosubia  and  Overactivity  of  thb  Abbskal  Ststeic. 
— ^Thc  pancreas  and  spleen  are  considered  together  because 
there  is  considerable  evidence  in  favor  of  the  view  that  they 
are  functionally  associated;  and  it  is  to  give  the  analysis  of 
this  question  and  its  relationship  with  the  ferments  famished 
by  the  ])ancreas  to  the  portal  blood  due  prominence  that  we 
have,  under  other  headings^  considered  the  better-known  fono- 
tions  of  both  organs. 

To  sustain  our  belief  that  liver  glycogen  is  converted  into 
dextrose  by  an  amylolytic  ferment  supplied  by  the  pancreas 
wliich  penetrati^s  the  portal  vein  directly, — i.e.,  by  way  of  the 
splenic  vein, — we  were  fortunate  in  having  at  our  disposal  the 
exj)erinients  of  Croftan,  wliich  showed  that  suprarenal  over- 
activity could  so  augment  the  functional  activity  of  the  fer- 
ment-producing organ  as  to  induce  a  very  great  increase  in 
the  sugar  eliminated.  This  feature  requires  further  study, 
since  it  will  tend  to  elucidate  other  functions  of  the  pancreas. 

We  believe  that  we  have  conclusively  shown  that  certain 
drugs  and  poisons  increase  the  functional  activity  of  the  ad- 
renals. The  uniformity  of  the  phenomena  traceable  to  these 
glands  under  the  influence  of  such  agents  seems  to  us  to  warrant 
the  conclusion  that,  if  we  can  demonstrate  that  glycosuria  is 
also  su])ject  to  the  latter,  its  fluctuations  following  those  of 
the  suprarenal  activity  or  insufficiency  induced  by  them,  a 
direct  connection  between  glycosuria  and  suprarenal  over- 
activity will  have  been  sho^\Ti.  Yet  we  must  bear  in  mind,  in 
this  connection,  that  all  active  drugs  may  have  a  primary 
action  upon  tissues  for  which  they  possess  a  specific  affinity 
before  the  suprarenal  protective  functions  are  fully  awakened. 
We  have  seen  that  even  electrical  stimulation  of  the  splanch- 
nic is  only  followed  by  vermicular  motions  of  the  intestinal 
wall  after  some  time  elapsed.  But  too  much  weight  must 
(3G2) 
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not  be  given  this  feature,  inasmuch  as  I  have  personally  seen 
the  typical  symptoms  of  total  suprarenal  insufficiency  occur 
in  a  dog  within  twenty  seconds  after  a  fatal  dose  of  hydro- 
cyanide  of  potassium  had  been  administered.  Large  quantities 
of  the  less  active  drugs  are  more  likely  to  reach  the  tissues 
for  which  they  possess  a  special  predilection,  bromide  of 
potassium,  for  instance,  than  such  an  agent  as  that  pre- 
viously mentioned.  While,  therefore,  we  cannot  say  that  ex- 
cessive formation  of  sugar,  when  drugs  are  given,  is  due  only 
to  overstimulation  of  the  adrenals,  we  can  say  that  all  drugs 
can  produce  it  when  they  stimulate  suprarenal  activity.  Fur- 
thermore, it  seems  probable  that  some  drugs  not  only  do  this, 
but  they  likewise,  owing  to  their  aflSnity  for  certain  tissues, 
enhance  the  production  of  sugar  by  increasing  the  functional 
activity  of  the  intimate  structures  of  the  organs  concerned  in 
its  production  from  ingested  substances — ^thus  stimulating  two 
different  sets  of  organs  simultaneously.  Such  an  agent  we 
probably  have  in  phloridzin. 

In  an  able  and  exhaustive  review  of  the  subject  of  toxic 
glycosuria,  F.  Cartier,*  of  Paris,  says :  ^^he  symptomatology  of 
phloridzin  is  very  limited,  seeing  that  it  does  not  give  rise  to  a 
true  intoxication.  ...  In  man  it  is  even  possible  to  bring 
on  glycosuria,  and  maintain  it  a  long  time,  without  giving  rise 
to  general  disorders,  provided  a  copious  alimentation  is  in- 
sured." We  have  evidence  in  the  last  sentence  that  the  main 
general  result  is  an  excessive  formation  of  sugar,  and,  more 
carbohydrates  being  required,  it  is  to  an  excessive  production 
of  the  converting  agent  that  we  must  ascribe  this  phenomenon. 
Still,  if  general  symptoms  are  absent,  what  becomes  of  the 
suprarenal  overactivity?  Cartier  answers  this  question  when 
he  says:  ^TTet  all  authors  who  have  studied  phloridzin  unite 
in  saying  that  the  animal  experimented  upon  becomes  voracious, 
and,  if  not  overfed,  rapidly  wastes.  .  .  .  When  alimenta- 
tion is  insufficient,  grave  phenomena  appear.  Phloridzinic 
glycosuria  has  been  obtained  in  animals  entirely  deprived  of 
hydrocarbons;  under  these  circumstances  general  symptoms 
analogous  to  those  of  diabetic  coma  have  been  observed." 


^  F.  CarUer:    Thtee  de  Paris,  1891. 
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OBler^  states  that  Frericha  recognized  three  groups  of 
cases;  two  of  tlicse  are  of  special  interest  to  ns:  (a)  Those 
in  which  after  exertion  the  patients  were  suddenly  attacked 
with  weakness^  syncope^  somnolence^  and  gradually  deepen- 
ing unconsciousness^  death  occurring  in  a  few  hours,  (b) 
Cases  with  preliminary  gastric  disturbance^  such  as  nausea 
and  vomiting,  or  some  local  affection^  ae  pharyngitis,  phleg- 
mon, or  a  pulmonary  ccunplication.  In  such  cases  the  attack 
l)cgins  with  headache,  delirium,  great  distress,  and  dyspncea, 
aircctin;;  both  inspiration  and  expiration:  a  condition  called 
by  Kussmaul  air-hunger.  Cyanosis  may  or  may  not  be  present. 
If  it  is,  the  imlse  becomes  rapid  and  weak  and  the  patient 
gradually  sinks  into  coma,  the  attack  lasting  from  one  to  five 
days.  The  need  of  a  copious  supply  of  carbohydrates  ob- 
viously points  to  increased  oxidation.  Indeed,  complete  ab- 
sence of  glycogen  in  the  liver  and  muscles  has  been  noted. 
The  voracious  appetite  and  rapid  wasting  further  sustain  this 
— and  simultaneously,  therefore,  the  presence  of  suprarenal 
overactivity.  The  italicized  words  in  the  list  of  terminal 
symptoms,  on  the  other  hand,  as  prominently  point  to  the 
gradually  deepening  suprarenal  exhaustion. 

Alluding  to  the  elTects  of  acids  in  the  production  of 
glycosuria,  C'artier  refers  to  the  experiments  of  Pavy'  with 
phosphoric  acid.  An  increase  of  sugar  was  noted  in  twenty 
.minutes;  fifteen  minutes  later  a  large  quantity  was  present. 
In  another  strong,  but  fading,  dog  the  sugar  was  markedly 
reduced  by  a  smaller  dose.  Ha?morrhagic  infiltration  of  the 
gastric  and  intestinal  tissues  and  lia^maturia  were  also  noted. 
These  are  all  familiar  landmarks  of  suprarenal  origin.  Strik- 
ing, in  this  connection,  are  the  observations  of  Stadelmann,* 
who  found  that  the  production  of  CO.^  decreased  in  the  rabbit 
during  acid  intoxications  as  it  does  in  diabetic  coma.  In  a 
foot-note  Cartier  says:  "Voit  and  Pettenkofer  and  Gaethgens 
have  peremptorily  shown,  by  means  of  most  precise  experi- 
ments, that  (1)  the  oxygen  absorbed  by  a  diabetic  is  much  less 
than  by  a  normal  man,  and  that  it  decreases  progressively  until 


»  Osier:     "Practice  of  Medicine,"  third  edition. 
•Pavy:     Guy's  Hospital  Reports,  vol.  of  1861. 
^Stadelmann:     Deutsche  med.  Worhensehrlft,  Nov.  4,  1890. 
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the  end  of  the  disease^  when  it  is  hardly  equal  to  half  of  the 
normal  quantity;  (2)  that  the  CO,  exhaled  is  likewise  reduced." 
That  this  is  essentially  due  to  suprarenal  insufficiency — i.e., 
reduced  oxidation — is  shown  by  the  fact  that,  in  a  case  of  coma 
due  to  meningitis  witnessed  by  Stadelmann,  the  proportion  of 
COj  was  28.2  per  cent.;  while  in  diabetic  coma  the  gradual 
decline  is  that  observed  in  Minkowski's  rabbits,  which,  from  the 
normal  25  per  cent.,  steadily  dropped  to  16, 8.8,  then  2.9  per  cent. 

We  have  seen  that  tetanus  was  partly  due  to  adrenal  over- 
activity. Cartier  refers  to  the  experiments  of  Claude  Bernard, 
which  showed  that  strychnine  produced  glycosuria  in  dogs.  "It 
is  unnecessary  to  reproduce  here,"  says  Cartier,  "the  symp- 
toms of  poisoning  produced  by  this  alkaloid;  we  will  simply 
say.  that  nothing  recalls  tetanus  to  such  a  high  degree  as  does 
intoxication  by  it."  We  have  another  proof  that  it  is  due  to 
an  excessive  production  of  a  ferment  or  some  other  agency 
possessed  of  converting  powers  since  Langendorff  found  that 
"glycosuria  only  occurs  in  frogs  when  the  liver  contains  gly- 
cogen. ...  In  the  summer,  when  their  liver  contains  none, 
strychnine  does  not  cause  diabetes  in  these  animals." 

W^e  are  reminded  of  the  disorganization  of  haemoglobin 
produced  by  advanced  suprarenal  insufficiency  when,  referring 
to  curare  glycosuria,  Cartier  says:  "Others  account  for  this 
glycosuria  by  an  insufficiency  of  the  respiration  and  by  slowing 
of  combustions.  The  dark  coloration  of  curarized  blood  indi- 
cates this  asphyxia."  Even  the  nervous  distribution,  as  I 
interpret  it,  including  the  basospinal  connection  between  the 
pituitary  body  and  the  adrenals,  finds  itself  sustained  in  a 
remarkable  manner  by  the  following  lines  of  Cartier's  in  ref- 
erence to  morphine  glycosuria:  "An  extremely  interesting 
fact  that  all  these  investigations  indicate  is  that  one  can 
produce  with  a  toxic  substance  exactly  similar  phenomena  to 
those  recorded  by  Claude  Bernard  in  his  lessons  at  the  College 
of  France,  and  obtained  by  puncture  of  the  medulla,  and  that 
these  toxic  glycosurias  can  in  most  cases  be  arrested,  as  are 
glycosurias  of  nervous  origin,  by  severing  the  centrifugal  nerve- 
impulse  conductors.  Indeed,  section  of  the  pneumogastric 
(centripetal  nerve)  does  not  prevent  glycosuria  caused  either 
by  Bernard's  puncture  or  by  morphine;  but,  on  the  contrary, 
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section  of  the  splanchnic  nerves  (centrifugal  nerves)  and  of  the 
medulla  above  the  origin  of  these  nerves  prevents  both  the 
experimental  diabetes  of  Claude  Bernard  and  the  toxic  diabetes 
caused  by  morphine." 

The  list  of  drugs  that  are  able  to  produce  glycosuria  could 
be  in<lefinitely  prolonged:  it  includes  all  those  that  produce 
suprarenal  overactivity.  But  this  does  not  mean  that  the  fer- 
ment-producing organ  is  alone  stimulated;  glycosuria  is  but 
one  of  the  manifestations  of  the  exaggerated  general  metabo- 
lism induced;  and  oxidation  processes  are  enhanced  accord- 
ingly. Toxic  glycosuria,  therefore,  only  represents  the  sur- 
plus of  sugar  which  oxidation  processes  have  not  consumed; 
the  excess  of  sugar  actually  produced  is  probably  far  greater 
than  the  surplus  which  the  urine  shows.  Again,  certain  drugs 
— phosj)horus,  for  instance — do  not  produce  glycosuria  to  any 
marked  degree;  as  soon  as  the  dose  capable  of  causing  it  is 
reached,  the  adrenals  lapse  into  insufficiency,  and,  if  the  dose 
is  pushed  to  any  extent,  even  the  normal  ratio  is  reduced. 
Antipyrin  is  now  considerably  employed  in  diabetes;  we  have 
seen  that  this  drug  and  acetanilid  readily  produced  suprarenal 
insufficiency  and  dissociation  of  the  haemoglobin  molecule. 
This  is  sufficient! V  extensive  sometimes  to  manifest  itself  as 
methcvnioglobinuria  or  even  ha?matoporphyrinuria.  All  these 
facts  seem  to  me  to  indicate  that  toxic  glycosuria  is  primarily 
due  to  overstimulation  of  the  adrenal  system,  the  excessive  func^ 
tlonal  activity  which  increased  oxidation  produces  giving  rise  to 
an  inordinate  production  of  an  agency  that  converts  glycogen 
into  sugar.    All  these  features  will  again  be  reviewed. 

That  the  agency  which  converts  glycogen  into  sugar  is 
the  amylolytic  ferment  produced  by  the  pancreas  to  which  I 
have  referred  is  further  sustained  by  the  foregoing  facts,  espe- 
cially in  view  of  the  amylolytic  properties  of  the  pancreatic 
secretion  in  the  intestine.  Since  the  conversion  into  sugar 
occurs  during  fasting  as  well  as  during  digestion  under  the 
effects  of  toxics,  the  reaction  can  only  include  the  hepatic 
glycogen  and  pancreatic  fennent;  and,  there  being  nothing  in 
the  intestine  to  convert  during  fasting,  the  fennent  nmst  nec- 
essarily reach  the  glycogen  by  another  channel.  May  this  not 
be  the  more  direct  route  afforded  by  the  splenic  vein? 


RBLATIONSHIP   BETWEEN   SPLEEN   AND   PANCREAS.  367 

Yet  there  is  a  possibility  that  the  flow  of  amylopsin  in  the 
intestine,  which  the  enhanced  activity  of  the  pancreas  must 
undoubtedly  increase,  may  be  reabsorbed  by  the  venules,  and, 
being  carried  into  the  portal  system,  produce  conversion  of  the 
glycogen  precisely  as  if  it  had  entered  the  portal  vein  by  the 
way  of  the  splenic  vein.  But  we  have  seen  that,  while  removal 
of  the  pancreas  is  rapidly  followed  by  death,  very  large  por- 
tions of  the  gland  can  be  safely  removed.  Admitting  that  the 
operators  may  have  left  the  portions  related  with  the  pan- 
creatic duct,  how  could  we  account  for  the  effects  of  trans- 
planted fragments  in  arresting  the  glycosuria  caused  by  re- 
moval of  the  pancreas,  recorded  by  Minkowski*  and  H6don?** 
As  long  as  fragments  transplanted  subcutaneously  remained 
normal  no  glycosuria  occurred;  it  reappeared,  however,  when 
these  fragments  became  histologically  impaired.  It  is  evident 
that  the  only  channel  here  for  the  amylolytic  ferment  produced 
could  be  the  blood.  Thus  carried  to  the  hearty  it  then  pene- 
trated the  liver  by  way  of  the  hepatic  artery,  and  reached  the 
intercellular  capillaries  and  the  glycogen  precisely  as  if  it  had 
pwietrated  the  organ  by  way  of  the  portal  vein.  Although  but 
a  small  quantity  of  the  ferment  could  thus  reach  the  liver,  it 
was  evidently  sufficient  to  convert  the  amount  of  glycogen 
required  to  build  up  tlie  very  limited  proportion  of  sugar  found 
in  the  normal  blood,  as  previously  shown.  Again,  we  have 
seen  that  tlie  product  of  intestinal  reduction  is  maltose,  while 
the  urine  of  Crof tan's  animals  when  stimulated  with  supra- 
renal extract  gave  dextrose  in  very  great  quantities:  a  feature 
denoting  successive  processes.  This  and  the  other  facts  ad- 
duced appear  to  me  to  contribute  additional  evidence  to  my 
view  that  the  drxtrose-forming  ferment  enters  the  portal  system 
hy  way  of  the  spJenia  vein, 

THE  Fl  NCTIONAL  RELATIOXSHIP  BETWEEN  THE  PANCREAS 

AND  SPLEEN. 

The  internal  secretion  of  the  pancreas  and  that  of  the 
spleen  may  perhaps  be  best  studied  by  submitting  to  a  care- 
ful  analysis   the  hypothesis   advanced   by   Schiff,   sustained  by 


*  Minkowski:     Verhandl.   d.   XI  Congr.   far  Inn.   Medicin,  Wiesbadexi,   1892. 
•H6don:    Archives  de  Physiologic  norm,  et  path.^  vol.  iv,  1900. 
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llcrzcn/  and  defended  by  Ijepine**  and  others  that  the  spleen 
supplies  a  ferment  which^  when  added  to  pancreatic  jnice, 
greatly  increases  its  digestive  energy.  Schiff  believed  that  the 
splenic  substance  played  an  important  part  in  the  genesis  of 
the  pancreatic  proteolytic  ferment,  but  Herzen  attributed  to 
it  the  function  of  converting  trypsinogen  into  trypsin^  the 
albainin-polving  constituent  of  the  pancreatic  juice.  This 
subject  was  more  recently  studied  experimentally  by  Qachet 
and  Paclion,"  who  were  led  to  conclude,  as  previously  suggested 
by  Laguesse  (1893)  and  Schiifer  (1895),  that  the  spleen  fur- 
nishes a  true  internal  secretion  which  possesses  a  special 
affinity  for  the  pancreas,  the  protr}'psin  of  which  it  transforms 
nito  trypsin,  as  suggested  by  Herzen.  This  substance  loses  its 
proiKjrties  at  the  boiling-point;  is  precipitated,  when  in  aqueous 
solution,  by  alcohol;  and  is,  therefore,  of  the  nature  of  a  fer- 
ment. 

Lepiiie  also  confirmed  Schifl's  and  Herzen^s  view  by  ex- 
periments in  vitro  and  l)y  blood-analyses.  He  found  that  a 
mixture  of  pancreas  and  spleen-pulp  in  glycerin  possessed  far 
more  active  properties  than  pancreas  alone  similarly  prepared. 
On  the  other  hand,  the  blood  of  an  animal  deprived  of  its 
spleen  proved  almost  inert  as  a  trvptie,  while  the  blood  of  a 
normal  do^  ])()ssessed  distinct  di^restive  powers.  Analysis  of 
the  experiments  of  these  various  authors  distinctly  indicates 
that  some  function  of  the  kind  mentioned  exists.  The  ana- 
tomical rehitions  of  the  orpins  involved,  however,  make  it 
impossible  for  tlie  internal  secretion  referred  to  to  penetrate 
the  eiroulation  without  first  i)assing  through  the  liver  with 
(he  blood  of  the  ,splrnic  vein,  which  rollrris  the  jmncreatic  inter- 
nal secret io7i  nnd  carries  it  to  the  portal  vein.  This  fact  seems 
to  sii<rgest  that,  besides  the  aniylolyiie  ferment,  the  portal 
carries  a  ferment  to  tlie  liver  calculated  to  insure  the  tryptic 
action  upon  albumins  and  kindred  bodies.  If  we  consider  that 
we  have  in  ihe  blood  of  the  ])ortal  cliannels  all  the  products 
of  digestion  and  tliat  trypsin  is  "applied  solely  to  albuminoid 


^  Herzen:     Revue  Gt^neralo  des  Sclenros  pures  ot  appl.,  vol.,  1895. 
*  Lupine:     Soci^tfi  des  SolcnceB  M^dlcales  do  Lyon.  July,  1895. 
»  Oachet  and  Pachon:     Archives  de  Pbysiologie,  AprU,  1898. 
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conversions  and  changes'*  (Charles),  the  importance  of  the 
spleen's  internal  secretion  will  appear. 

Albuminoids,  especially  those  ingested  with  food,  are  not 
the  inoffensive  bodies  that  they  appear  to  be;  indeed,  they 
constitute  the  foundation  of  some  of  the  most  dangerous  sub- 
stances that  enter  the  organism  when  their  molecular  structure 
undergoes  certain  changes.  Apart  from  any  function  of  the 
spleen  in  the  direction  mentioned,  the  pancreatic  trypsin  sup- 
plied to  the  intestine — if  we  can  judge  by  the  manner  in  which 
a  small  remnant  of  pancreas  will  prevent  glycosuria — ^must 
persist  even  when  the  pancreas  is  in  a  state  of  advanced  dis- 
ease. We  saw  that  one-eleventh  of  the  functional  area  of 
the  adrenals  sufficed  to  sustain  the  general  oxidation  processes. 
That  the  pancreas  possesses  at  least  four  times  more  functional 
area  than  it  absolutely  needs  has  been  experimentally  demon- 
strated. With  proper — fresh,  uncontaminated — food,  a  nor- 
mal organism  is  practically  invulnerable,  so  splendidly  is  it 
armed  against  any  chemico-physical  decomposition  that  the 
ingesta  may  undergo.  But  these  physiological  defenses  may 
be  weakened  through  general  or  local  adynamia,  i.e.,  lowered 
oxidation  processes,  and  peptones,  capable  of  yielding  toxal- 
humins,  Jeucomaines,  ptomaines, — all  albuminoids, — fail  to  un- 
dergo further  splitting  in  the  intestinal  canal.  Again,  and 
under  the  same  circumstances,  notwithstanding  the  destructive 
action  of  the  gastric  and  intestinal  secretions,  bacteria  and 
their  toxins  may  penetrate  the  debilitated  villi  and  the  portal 
circulation.  The  blood-stream,  furthermore,  may  be  invaded 
through  peripheral  organs  not  only  by  bacteria  and  their 
toxins,  but  also  by  vegetable  poisons  and  venoms :  all  albuminoid 
substances,  as  previously  emphasized.  Even  these  do  not  rep- 
resent all  the  sources  of  danger  that  a  protective  function,  such 
as  that  represented  by  the  pancreatic  and  splenic  secretions, 
would  have  to  meet,  were  they,  as  I  believe,  mainly  intended 
to  fulfill  such  a  mission. 

If  toxic  albuminoids  reach  the  portal  vein  by  way  of  the 
intestinal  villi  and  the  mesenteric  veins,  all  conditions  therein 
are  most  advantageous  for  the  action  wliich  trypsin  is  known 
to  exercise  upon  them :  It  acts  with  great  energy  in  alkaline 
media,  and  the  presence  of  oxygen  does  not  inhibit  its  action; 


370  INTERNAL  SECRETIONS  OF  PANCREAS  AND  SPLBBN. 

if^  therefore^  the  venous  blood  of  the  afferent  channels  shonld 
]iappcn  to  contain  an  unusual  amount  of  oxidizing  substance 
through  suprarenal  overactivity,  the  tryptic  disruption  of  pep- 
tones would  not,  to  say  the  least,  be  prevented;  in  laboratory 
experiments  the  need  of  an  antiseptic  when  pancreatic  juice 
is  used  is  well  known;  we  have  seen  that,  in  the  afferent  ves- 
sels, the  fluids  derived  from  the  intestines  had  been  saturated 
therein  with  the  antiseptic  secretion  of  the  glands  of  Brunner 
and  Lieberkiilm,  and  it  is  evident  that  their  influence  would 
noniially  continue  in  the  venous  channels;  finally,  the  action 
of  trypsin  does  not  cease  when  the  peptone  stage  is  reached; 
it  converts  these  into  leucin,  tyrosin,  aspartic  acid,  etc,,  the 
fate  of  which  derivatives  I  have  traced  down  to  urea,  the 
end-product  eliminated  in  the  urine. 

The  role  played  by  the  spleen  in  the  pancreatic  digestion 
of  proteids,  and  to  which  I  add  a  prophylactic  function,  has 
been  so  ably  reviewed  by  H.  P.  Bellamy  in  a  comparatively 
recent  number  of  the  Ix)ndon  Lancet^^  that  I  will  utilize  the 
greater  part  of  his  paper  to  illustrate  the  various  features  that 
appear  to  me  to  furnish  a  solid  foundation,  not  only  for  the 
views  of  Schiff  and  Herzen,  but  also  for  my  own. 

The  author  reviews  the  histor}'  of  the  question  as  follows: 
"Corvisart  found  that  in  dogs  in  full  digestion  there  was  for 
a  certain  time  a  constant  rise  to  maximum  in  the  digestive 
power  of  the  pancreatic  juice,  succeeded  by  an  equally  constant 
fall  to  minimum.  The  maximum  was  attained  during  the 
eighth  hour  after  the  ingestion  of  a  meal;  the  minimum  from 
the  thirteenth  to  the  eighteenth  hours.  ^Meissner  announced 
that  in  fasting  animals  the  pancreatic  juice  possessed  little  or 
no  peptonizing  power.  Schiff,  after  a  number  of  experiments 
on  such  animals  as  rats,  guinea-pigs,  rabbits,  and  young  dogs 
or  dogs  of  small  Breed,  found  that  during  fast  the  pancreas 
really  possessed  almost  no  peptonizing  power;  the  albumin 
imprisoned  in  the  duodenum  remained  there  for  whole  hours 
without  dissolving,  the  infusion  of  the  gland  giving  results 
equally  negative.  On  the  other  hand,  in  the  case  of  ravens 
and  adult  dogs  of  large  breed  the  pancreas  preserved  during 
fast  a  certain  digestive  power,  even  in  animals  in  a  condition 

^<>H.  F.  BeUamy:    London  Lancet,  Oct.  27,  1900. 


BSIJITIONSHIP  BETWEEN  SPLEEN  AND  PANCREAS.  371 

of  complete  fast  which  had  digested  a  copious  meal  the  day 
before;  uiider  these  circumstances^  indeed^  the  infusion  of  the 
whole  pancreas  of  a  large  dog  was  capable  of  digesting  from 
50  to  60  grammes  of  albumin.  In  such  dogs  this  condition 
of  weak  digestion  was  maintained  until  toward  the  fourth  hour 
after  the  meal,  after  which  time  digestion  proceeded  very 
much  more  rapidly,  so  that  at  the  time  of  maximum  the  pan- 
creatic infusion  was  capable  of  digesting  from  50  to  60  grammes 
of  albumin.  As  regard  cats  and  small  dogs,  he  was  able  to 
confirm  the  results  of  Corvisart.  By  these  experiments,  then, 
the  above-mentioned  obseners  succeeded  in  establishing  the 
following  two  facts:  (1)  that  the  activity  of  the  pancreatic 
juice  or  of  an  infusion  of  the  gland  is  not  continuous,  but  in- 
termittent, and  (2)  that  maximal  activity  appears  regularly 
during  the  culmen  of  gastric  digestion  (from  six  to  eight  hours 
after  a  meal),  at  which  time  it  is  very  considerable.^* 

Passing  now,  for  the  moment,  from  the  pancreas  to  the 
spleen,  he  proceeds  briefly  to  examrne  the  behavior  of  this 
organ  in  relation  to  digestive  phases.  ^'Lauret  and  Lassaigne 
in  1825  discovered  that  the  spleen  began  to  become  congested 
at  the  moment  when  the  stomach  discharged  chyle  abundantly 
into  the  duodenum;  that  this  is,  however,  merely  a  coincidence 
is  shown  by  the  fact  that  the  congestion  also  occurs  after 
ligature  of  the  pylorus.  Dobson  in  1847  discovered  that  in  a 
dog  three  hours  after  a  meal  the  spleen  is  still  as  small  and 
as  ana?mic  as  during  fast ;  that  it  commences  to  dilate  in  the 
fourth  hour  after  a  meal ;  that  five  hours  after  it  has  attained 
its  maximal  turgescence,  decreasing  aftenvard  from  the  sev- 
enth hour  to  attain  toward  the  twelfth  its  minimal  volume. 
Landois  in  the  same  vear  found  that  in  the  rabbit  the  relative 
weight  of  the  spleen  to  the  lx)dy-weight  of  the  animal  was 
the  same  two  hours  after  a  meal  as  after  forty-eight  hours  of 
fast;  that  it  increased  considerably  from  the  fifth  hour,  re- 
maining high  until  the  twelfth  hour 

^^he  striking  synchronism  in  the  splenic  congestion  and 
the  presence  of  tripsin  in  large  quantity  in  the  pancreatic 
juice  or  in  an  infusion  of  the  gland  was  r»bservod  by  ScliifT  and 
caused  him  to  repeat  all  his  former  experiment,'?  on  the  tryptie 
digestion  of  albumins,  this  time  on  animals  in  which  the  spleen 

24 
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had  been  for  some  time  removed  and  on  others  in  which  it 
was  prevented  from  dilating  by  ligature  of  its  hilum  at  the 
time  of  the  experiment.  He  experimented  in  this  way  npoa 
a  very  large  number  of  dogs  and  cats;  nearly  all  his  experi- 
ments were  double:  i,e,,  performed  at  the  same  time  and  in 
the  same  manner  on  two  animals  selected  so  as  to  resemble 
one  another  as  much  as  possible^  and  in  only  one  of  which  had 
the  spleen  been  extirpated  or  ligatured.  These  experiments 
were  of  two  kinds;  (1)  those  conducted  with  pancreatic  in- 
fusions, and  (2)  those  carried  out  in  the  living  duodenum^  the 
following  being  typical  examples : — 

'7.  Infusions.  Ligature  of  the  Ililum  of  the  Spleen. — ^Two 
cats,  after  fasting  for  19  hours,  received  as  much  meat  as  they 
would  eat;  1  hour  afterward  they  were  etherized,  and  the 
spleens,  which  were  found  to  be  in  a  state  of  contraction,  were 
brought  out  through  a  wound  in  the  abdomen  and  their  hila 
were  encircled  by  strong  thread;  in  one  of  the  animals  the 
hilum  was  firmly  tied,  but  in  the  other  it  was  simply  encircled 
and  a  knot  was  tied,  leaving  tlie  splenic  circulation  perfectly 
free  (this  was  done  in  the  endeavor  to  equalize  traumatic  con- 
ditions as  nuich  as  ])ossiblo).  The  spleens  were  then  replaced 
in  the  abdominal  cavity  and  the  wound  was  sutured.  On 
recovering  from  the  ana^stliesia  the  animals  did  not  appear  to 
suffer.  Tlioy  wore  killed  (J  liours  later.  Gastric  digestion  was 
found  to  1)0  more  advanced  in  the  animal  in  which  the  splenic 
vosselji  were  tied ;  the  pancreas  of  both  was  cut  up  into  small 
fragments  and  infused  with  100  cubic  centimeters  of  water  for 
an  hour  at  35°  C. ;  the  liquid  was  aften^^ard  decanted  and 
returned  to  the  warm  chamber  together  with  cubes  of  albumin. 

''Result. — In  7  hours  the  pancreatic  infusion  of  the  cat  in 
which  the  hilum  was  not  ligatured  digested  17  grammes  of 
albumin;  that  of  the  other  did  not  digest  at  all  even  at  the 
end  of  12  hours. 

"This  experiment  was  performed  on  a  large  number  of 
cats  and  dogs  and  always  gave  the  same  result.  In  spite,  how- 
ever, of  the  perfection  of  gastric  digestion  in  the  operated 
animals,  it  was  possible  to  lay  at  the  door  of  traumatism  the 
absence  of  duodenal  digestion;  to  correct  this  the  experiment 
was  repeated  as  follows: — 


"tin.  I'-  -f?  "^7*-'*i- — Tvr  x'ij:?'— ri?v  t^.v^^s  .V 
other  hrrfrx  xufiiririih  ?:L-Jiir*r::ci;  t  rt.ii:,*  r.?!t  \  ?.mjs> ,  Ki 
at  the  tfisir  :f  r:>*  -Lrrter-iiHii.:  .z.  t^jtia'*:  *»iu.'::>-  %vni'  ,v:vv*rA^ 
upon,  -whiji  fiff=2LX-  li?  ::Cj:nr^;  Il':L'>fr::ai:j.*cr-.  >^:v,r!i^  .v:  iV 
pylorus,  irjetriic:  iz.:;  zht  Fiicihib^  tht  ,Tf^:Vd^-,-ii  U^5  K*;^^ 
and  <^«M'L  ri  -V-  *TLiizire<  :f  i^crc-Qt^  &:>.:  x^  jrr*r,.v,^>ji  ^Nt  ,?o\- 
trin:  to  tZ-yw  dn-^tre  ::  fTjL":wT-i  siMtji  :\c  a^^;>h^v,*  ^*> 
ligarai€«i  belvw  :1^  vj-enfuir.  R:h  ar.jv.dil^  ^fcx^r^^  kj;UN5  !\\v 
hour?  later,  and  caoh  i«ascrv^5  va<  infu^xl  for  ihixv  f^nuih*  ^\f 
an  hour  in  1*X»  cubic  cvniimeters  of  waior  at  I^CV"'  l\  AUh«^u^tih 
death  had  occurre*!  before  the  most  favomWo  luoiucut  f\^r  fho 
experiment, — Le.,  in  advance  of  the  summit  of  iho  tiploiuo 
curve, — the  infusion  coming  fivm  the  do^  with  tho  npltsMi 
intact  digested  17  grammes  of  albumin  in  17  hoiir^t,  wbilo  tbo 
other  digested  nothing  even  in  18  hours.  Numohnin  oxpovi 
ments  made  in  this  manner  always  gavo  tho  namo  h¥ull.  *rho 
spleenless  dogs  had  in  many  cases  undorgoiit^  HploiuM'tninv  Nt«\ 
eral  montlis  before  the  experiment,  and  tlu*  d<*ti*nnliiiitiiiti  In 
them  of  perfect  conditions  of  health  was  alwayn  a  wuiiU^v  iiF 
great  care. 

"11.  Experiments  in  the  Livintj  DumUnum,     IJifuhtn*  nf 
the  Duodenum  at  Both  Ends.- Two  (ht^rH  iifliT  fiiKlin|/  for   17 
hours  received  as  mucli  meat  an  Wicy  would   fnl   tttn\   irnrmd) 
ately  aften^ard  were  o]HniUt\   njion  «*<  follows :      I'illn  n/nhoff, 
laparotomy,  ligature  of  tin;  pyloru.-.  and  of  Mi«-  hilr  *lii/ 1,  ihho 
duction  into  the  (lufulfuum  of  from  :Uf  \o  -10  in^itntu' .•  of  ,i\\,-t 
min,  and  ligature  of  the  y-yiunl  t'Ut\,     In  tfW   of  U./    ,ti,.n  ., 
the  splenic  liilum  was  al-o  ]i;./3r'if#/j,     V,*,u,  »-' f  .     ".'  v 
later. 

"Result, —  In  th*:  doi'   *.•.'.    •;./    >',  rr 

min  was  found  to  U;  if/U/'f :  .*.  :.h\    :y. . 
other. 

mals  whirh  had  un^*^r/'..v.  *.  .••./  ■         *     -r  /      ■  -^   v--  '-'^ 

and  always  yielded  th^  ^ii- -•.    •  . 

of  JK'ing  combined  with  r.-r-    •  • 

of  the  pancreas  after  the  fU-u- 

give  results  in  harmony  wl^c.  - 

itself.     Further,  it  will  be  fi^.- ..      . 


«    I. 


•  I/- 


/' 
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juice  of  dogs  of  large  breed  Schiff  generally  founds  even  while 
fasting,  a  certain  quantity  of  trypsin;  when  the  same  were 
spleenless^  however,  he  was  unable  to  find  any. 

''Digestion  in  the  Normal  Duodenum  Provided  with  a  Firf»- 
ula, — A  duoilenal  fistula  was  established  in  a  dog.  After  com- 
plete recovery  a  measured  and  constant  quantity  of  albumin 
was  introduced  every  day  into  the  duodenum  inclosed  in  a 
small  envelope  of  fibrous  membrane  fixed  to  the  cannula  by  a 
thread  some  centimeters  long.  The  progress  of  digestion  was 
then  observed,  the  following  results  being  obtained:  1.  When 
the  animal  was  fasting  the  albumin  took  from  5  to  6  hours 
to  become  dissolved.  2.  When  the  albumin  was  introduced 
into  the  duodenum  during  the  2  to  3  hours  immediately  fol- 
lowing the  ingestion  of  a  meal  by  the  animal  it  remained  un- 
changed. 3.  When  introduced  4  hours  after  a  meal  it  dis- 
appeared very  quickly, — in  about  half  the  time,  in  fact,  occu- 
pied during  fast.  These  facts  having  been  duly  noted,  the 
spleen  was  then  extirpated,  and  after  complete  recovery  the 
same  experiment  was  repeated;  very  different  results  were 
now  obtained.  Wliether  fasting  or  in  full  digestion  the  time 
taken  for  the  digestion  of  the  albumin  was  exactly  the  same, 
viz. :  from  5  to  6  hours.  The  acceleration  in  the  peptonization 
which  had  formerly  appeared  after  the  fourth  hour  of  digestion, 
and  which  coincided  both  with  the  appearance  of  trypsin  in 
the  pancreatic  juice  and  with  the  dilation  of  the  spleen,  was 
now  absent.  The  slow  digestion  (from  5  to  6  hours)  in  this 
experiment  was  probably  entirely  due  to  the  secretion  of  the 
duodenal  glands,  which  possess  only  a  very  feeble  digestive 
power;  the  active,  rapid  digestion  was  due  to  the  appearance, 
in  large  quantity,  of  trypsin  in  the  pancreatic  juice:  a  phe- 
nomenon wayting  in  the  spleenless  animal.  .  .  .  SchiflE 
endeavored  to  interpret  the  facts  by  the  following  theory: 
During  the  congestion  of  the  spleen  a  substance  is  produced 
within  it  which,  carried  away  by  the  blood,  gives  to  the  pan- 
creas the  wherewithal  to  form  its  peptonizing  ferment.  .  .  . 
In  1872,  however,  the  theory  of  Schiff  received  a  rude  shock 
through  the  great  discovery  of  the  zymogens  by  Heidenhain 
and  his  pupils.  From  the  researches  of  this  obsen^er  it  ap- 
peared that,  as  the  gastric  mucous  membrane  forms  at  the 
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outset  hardly  any  active  pepsin^  but  a  zymogen  accumulating 
in  its  glands  in  the  intervals  of  digestion^  so  the  pancreas  does 
not  at  once  elaborate  active  trypsin  but  a  substance  destined 
to  become  trypsin  under  certain  conditions  and  in  a  certain 
phase  of  the  digestive  act^  this  substance  beings  of  course^  tlie 
pancreatic  zymogen  trypsinogen,  or  protr}'p8in.  The  researches 
of  Heidenhain  are  well  known^  and  it  suffices  to  recall  here 
only  one  or  more  essential  points:  Thus  from  them  we  know 
that  the  pancreas  of  a  fasting  dog  contains  little  or  no  trypsin, 
but  merely  trypsinogen;  consequently  its  glycerin  infusion 
possesses  little  or  no  digestive  power;  the  infusion,  however, 
of  a  dog  in  full  digestion  digests  rapidly  and  copiously,  because 
it  contains  trypsin.  If  the  pancreas  of  a  fasting  dog  be  divided 
into  two  equal  portions,  one  of  which  is  infused  at  once  and 
the  other  only  after  an  exposure  of  24  hours  to  the  air,  the 
first  is  found  to  be  inactive,  while  the  other  is  immediately  and 
energetically  active,  from  which  it  is  clear  that  the  inert  tryp- 
sinogen which  it  contains  becomes  spontaneously  transformed 
into  active  trypsin;  indeed,  it  suffices  to  pass  a  current,  of 
oxygen  through  a  pancreatic  infusion,  rich  in  trypsinogen  and 
poor  in  trypsin  (an  active  infusion),  to  transform  it  into  an 
infusion  possessing  a  digestive  power.  This  transformation, 
then,  is  an  oxidation,  trypsin  being  oxidized  trypsinogen. 

*The  fact  observed  bv  Heidenhain  of  the  continuous  for- 
mation  and  storing  up  of  trypsinogen  in  the  pancreas  and  its 
subsequent  transformation  into  trypsin  during  the  culmen  of 
gastric  digestion  proved  that  the  former  substance  at  any  rate 
enjoyed  an  origin  quite  independent  of  all  influence  outside 
the  pancreas  itself,  and  the  hypothesis  of  Schiff  as  to  the  inter- 
vention of  the  spleen  seemed,  in  consequence,  to  be  at  fault. 
But  it  was  only  the  theory  of  Schiff  which  suffered  by  these 
new  revelations;  as  far  as  the  experimental  results  of  the  two 
observers  were  concerned,  physiologists  were  face  to  face  with 
two  series  of  apparently  contradictory  facts — apparently  be- 
cause facts  properly  observed  can  never  stand  in  contradiction 
with  one  another,  and  when  they  appear  to  do  so  it  is  merely 
because  the  interpretation  of  them  is  either  false  or  incom- 
plete. It  fell  to  the  lot  of  ^f.  Ilerzen  to  unravel  the  tangled 
hypotheses.     It  appeared  to  him  that,  by  modifying  the  hy- 


376  INTERNAX.  SBCRBTI0N8  OF  PANCR1&A8  AND  8PLBBN. 

pothesis  of*  Schiff  as  to  the  manner  in  which  the  spleen  acts  as 
a  tryptogene^  a  fusion  of  the  respective  facts  of  Schiff  and 
Heidenhain  could  be  brought  about^  and  that^  far  from  being 
antagonistic,  they  could  be  shown  to  be  reciprocally  corrobora- 
tive. He  argued  thus:  since  the  zymogen^  even  in  splenec* 
tonmed  animals,  is  being  continuously  elaborated^  and  there* 
fore  independently  of  the  spleen  and  its  periodical  congestion^ 
and  that  it  accumulates  in  the  gland-cells  during  fast^  but  that 
it  becomes  rapidly  and  copiously  transformed  into  trypsin  only 
in  the  presence  of  the  spleen  and  in  direct  proportion  to  its 
dilation,  it  would  seem  feasible  that  the  spleen  produces^  by 
'internal  secretion'  during  its  congestion,  an  unknown  snb- 
stance,  which,  carried  away  by  the  circulating  blood,  trans- 
forms the  inert  zymogen  already  deposited  in  the  pancreas  into 
active  trypsin  destined  to  pass  into  the  secretion  of  the  gland^ 
and  that  the  influence  exercised  upon  the  zymogen  by  this 
product  of  the  spleen  seemed  to  be  a  condition  sine  qua  non 
for  the  transformation  of  the  former  into  trypsin,  at  least  in 
the  living  pancreas,  since  in  the  dead  organ  or  its  infusion  it 
is  so  transformed  by  direct  oxidation.  This  hypothesis  of 
Herzen  would  seem  to  he  further  confirmed  by  the  fact  gleaned 
from  the  researches  of  both  Schiff  and  Heidenhain,  to  wit: 
that  the  holding  in  zymogen  of  the  pancreas  at  a  given  moment 
either  of  fast  or  digestion  is  always  in  inverse  ratio  to  its  hold- 
ing in  trypsin,  and  vice  versa,  while  the  latter  is  always  in 
direct  proportion  to  the  spleen  dilation. 

'*So  far  so  good.  But  Herzen  reasoned  further.  If  the 
spleen  really  produces,  during  its  congestion,  a  substance  which 
brings  about  the  transformation  of  the  pancreatic  zymogen 
into  trypsin,  it  would  then  be  possible  to  seize  upon  this  sub- 
stance in  the  spleen  itself  while  in  its  turgescent  condition 
(^rom  G  to  7  hours  after  a  meal),  and  l)y  at  once  making  an 
infusion  of  it  and  mixing  a  certain  quantity  of  this  splenic 
infusion  with  pancreatic  infusion  made  from  the  ])ancreas  of 
a  fasting  animal  (very  rich  in  zymogen  and  very  poor  in  tr}^psin, 
and  consequently  nearly  inactive)  there  could  be  obtained  in 
vitro  a  rapid  and  copious  fonnation  of  trypsin  easily  recogniz- 
able by  the  amount  of  proteid  digested  in  a  given  time.  The 
control  experiment  would  also  be  very  simple,  consisting  merely 
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in  mixing  with  tne  same  pancreatic  infusion  that  of  a  contracted 
and  anaemic  spleen,  in  order  to  observe  whether  it  would' have 
the  same  e£Fect  as  that  of  the  spleen  dilated  and  engorged  with 
blood«  Artificial  digestions  actually  carried  out  with  these 
infusions  gave  enormous  differences:  whereas  the  pancreatic 
infusion  alone,  or  that  mixed  with  infusion  of  contracted  spleen 
digested  nothing  or  almost  nothing,  the  same  pancreatic  in- 
fusion to  which  had  been  added  infusion  of  engorged  spleen 
digested  rapidly  and  copiously;  indeed,  it  had  often  completely 
digested  its  dose  of  proteid  by  the  time  that  the  other  two,  if 
digesting  at  all,  had  barely  commenced.  The  mixed  infusions 
thus  behaved  in  the  same  way  as  a  pancreatic  infusion  taken  at 
the  culmen  of  digestion. 

"A  large  number  of  similar  experiments  were  made  with 
aqueous  boric  and  glycerin  infusions,  each  being  double:  i.e., 
performed  in  two  separate  series  of  vessels,  the  one  containing 
finely  divided  fibrin  and  the  other  equal-sized  cubes  of  coagu- 
lated albumin.     The  results  were  always  the  same.    .    .    . 

"At  the  German  Congress  of  Medicine  held  at  Strasburg 
in  1886  Herzen  exhibited  several  graduated  flasks  containing 
the  residua  of  fibrin  and  albumin  in  a  number  of  his  digestions, 
the  digesting  "liquid  having  been  decanted  and  replaced  by 
alcoliol.  The  physiologists  who  examined  tliem  all  recognized 
that  the  difference  between  the  residua  left  by  the  pancreatic 
infusions  alone  and  those  of  the  mixture  of  the  pancreatic  and 
splenic  infusions  were  very  obvious.  In  a  private  conversation 
with  Herzen,  however,  Heidenhain  made  the  following  criti- 
cism: It  is  well  known  that  the  pancreatic  zymogen  is  very 
greedy  of  oxygen;  on  the  other  hand,  the  spleen  during  its 
dilation  is  engorged  with  blood.  The  splenic  infusions  ex- 
hibited were  intensely  colored  by  dissolved  ha?moglobin — ergo, 
the  imdoubted  and  considerable  acceleration  in  digestion  ob- 
tained by  adding  such  a  liquid  to  another  containing  tryp- 
sinogen  could  he  quite  simply  explained  by  the  rapid  oxidation 
of  the  zymogen  at  the  expense  of  the  lijemoglobin.  This 
objection  disconcerted  Herzen  in  no  inconsiderable  degree,  and 
he  lost  no  time  in  making  it  the  subject  of  experimental  in- 
quiry. He  at  length  succeeded  in  disproving  it  by  the  following 
excellent  experiment:     The  pancreas  of  a  normal  fasting  dog 
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was  infused  in  pure  glycerin  and  the  infusion  was  divided  into 
eight  equal  portions.  These  eight  portions  were  mixed  with 
eight  samples  of  blood  received  directly  into  a  double  volume 
of  glycerin^  of  which  four  came  from  a  fasting  dog  and  four 
from  a  dog  in  full  digestion  with  the  spleen  greatly  dilated. 
The  four  samples  were  taken  in  both  animals  from  (1)  the 
femoral  arter}',  (2)  the  femoral  vein,  (3)  the  splenic  artery, 
niul  (4)  a  large  splenic  vein.  The  eight  portions  were  then 
given  the  usual  dose  of  fibrin  and  placed  at  a  temperature  of 
40°  C.  Now^  it  is  evident  that  the  femoral  and  splenic  arte- 
rial blood  of  the  two  animals  contained  more  oxygen  than 
their  venous  blood;  tlie  former,  then,  according  to  Heidenhain, 
should  exercise  a  powerful  influence  on  the  digestion,  equal 
in  the  two  dogs.  On  the  other  hand,  according  to  Herzen,  the 
splenic  venous  blood  alone  should  exercise  this  influence  and 
especially  that  of  the  digesting  animal.  The  result  of  the 
experiment  was  as  follows:  After  one  hour  there  was  still 
no  trace  of  digestion  under  the  influence  of  the  femoral  blood, 
arterial  or  venous,  nor  of  the  splenic  arterial  blood  of  the  fast- 
ing dog;  first  traces  of  digestion  were  beginning  to  manifest 
themselves  under  tlie  influence  of  the  splenic  venous  blood  of 
this  animal.  Digestion  was  rather  advanced  in  the  case  of  the 
femoral  arterial  and  venous  blood  and  splenic  arterial  blood 
of  the  digesting  dog;  the  fibrin  liad  almost  entirely  disappeared 
inuler  the  influence  of  the  splenic  venous  blood  of  the  same 
animal. 

^*The  answer  could  not  be  clearer:  the  product  of  the 
internal  secretion  of  the  spleen,  borne  therefrom  by  the  cir- 
culating blood,  is  present  during  the  period  of  the  dilation 
of  the  spleen  in  feeble,  but  appreciable,  quantity  in  the  blood 
of  the  general  circulation  and  abundantly  in  the  splenic  venous 
blood.  The  venous  blood  returning  from  the  contracted  spleen 
only  contains  it  in  very  small  quantities.  This  experiment, 
several  times  repeated,  always  gave  the  same  result,  showing 
that  it  is  not  the  blood  as  such  which  favors  the  transforma- 
tion of  pancreatic  zymogen  into  trypsin,  but  that,  by  picking 
up  from  the  spleen  the  unknown  substance  possessing  this 
property,  the  blood  becomes  its  vehicle  and  means  of  commu- 
nication with  the  pancreas. 
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'Trom  the  bulk  of  evidence  collected  by  Herzen  there  thus 
seems  to  be  very  little  room  for  doubt  that,  apart  from  hsema- 
iopoietic,  and  possibly  allied^  functions  possessed  by  the  spleen, 
{he  organ  furnishes  a  product  of  ^internal  secretion'  which 
causes  in  the  pancreas  the  transformation  of  its  inert  zymogai 
into  active  trypsin/' 

Bellamy  closes  his  article  with  a  review  of  the  criticisms 
to  which  the  researches  of  Schiff  and  Herzen  have  been  sub- 
mitted. In  the  experiments  of  Lussana,  in  1868,  the  spleens 
of  three  dogs  were  removed  and  the  animals  were  subsequently 
killed  to  ascertain  whether  the  extract  of  their  pancreas  would 
digest  coagulated  albumin.  The  pancreatic  infusion  of  the 
glands  of  two  of  the  dogs  digested  0.25  gramme  of  albumin  in 
24  hours;  that  of  the  third  digested  1.10  grammes  in  the  same 
period  of  time.  *The  latter  animal  had,  however,  been  killed 
three  hours  after  a  meal:  i.e.,  at  a  moment  when,  even  had 
it  been  in  possession  of  its  spleen,  that  organ  would  not  yet 
have  commenced  to  become  congested.  The  experiment,  there- 
fore, gave  the  result  which  might  be  expected, — ^viz.:  no  di- 
gestion,— ^for  nobody  would  accept  seriously  the  digestion  of 
1.10  grammes,  knowing  that  the  pancreas  of  a  dog  when  digest- 
ing can  dissolve  from  50  to  60  grammes  of  albumin.  .  .  /* 
Indeed,  the  experiments  of  Lussana  appear  to  us  to  be  con- 
firmatory of  SchiflE's  and  Herzen's  views. 

Carvallo  and  Pachon  also  reported  negatively,  but,  errors 
in  their  experimental  procedures  having  been  brought  to  their 
attention  by  Herzen,  subsequent  experiments  caused  Pachon 
and  a  new  collaborator,  Gachet,  to  reach  the  conclusions  sus- 
taining the  views  of  Schif!  and  Herzen  to  which  we  have  re- 
ferred on  page  368.  "Nay,  they  did  more,"  says  Bellamy; 
"they  invented  an  entirely  new  experiment,  at  once  original 
and  ingenious,  which  consisted  in  realizing  in  vivo  what  Herzen 
had  hitherto  only  done  in  vitro.  This  experiment  was  as  fol- 
lows: A  dog,  which  a  lon<r  time  previously  had  undergone 
splenectomy,  was  an«rsthetize<l  aiul  lialf  its  pancreas  was  re- 
moved and  immediatelv  infused ;  at  the  same  time  a  normal 
dog,  in  the  height  of  digestion,  was  kille<l  and  its  congested 
spleen  was  infused  in  water,  and  this  infusion  was  injected 
into  the  venous  system  of  the  spleenless  dog;  from  15  to  20 
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minutes  afterward  the  remaining  half  of  the  pancreas  of  the 
latter  dog  was  infused  exactly  like  the  first;  of  the  two  in- 
fusions when  given  fibrin  and  albumin,  the  second  only  digested 
rapidly  and  copiously." 

The  investigations  of  Popelski  are  next  reviewed.  "In 
both  nonnal  and  splcncctomized  cats/'  says  Bellamy,  '%e  col- 
lected the  pancreatic  juice  by  means  of  a  cannula  introduced 
into  the  duct  of  the  gland,  and  was  unable  to  find  any  differ- 
ence in  digestive  activity.  As,  however,  his  cats  had  been 
fasting  since  the  day  before,  his  experiments  were  made  out- 
Mq  the  digestive  period  during  which  the  spleen,  becoming 
congested,  furnishes  abundantly  its  product  of  internal  secre- 
tion which  transforms  rapidly  and  copiously  the  zymogen  into 
trypsin."  .  .  .  "But  Popelski  also  performed  some  anal- 
ogous experiments  on  a  dog  with  a  permanent  pancreatic  fist- 
ula, made  according  to  the  method  of  Pawloff.  The  pancreatic 
juice  of  this  animal  was  several  times  collected  and  examined 
before  and  after  splenectomy  witliout  any  difference  in  activity 
being  demonstrable.  This  result,  however,  elicits  no  surprise 
in  view  of  the  fact  that  in  both  instances  the  juice  was  always 
collected  ininiediatoly  after  a  meal — i.e., — again  to  repeat  it — 
in  advance  of  that  digestive  period  during  which  the  sple^i 
enters  into  function  and  the  pancreas  abounds  in  trypsin;  so 
that  as  well  in  this  experiment  as  in  that  with  his  cats,  Popelski 
was  placed  in  tliat  position  in  which  the  presence  or  absence 
of  the  s])leen  was  a  matter  of  perfect  indifference.  .  .  ." 
^I'he  discussion  of  the  various  features  in  point  have  led  to 
considerable  acrimony,  but  tlie  impartial  observer  cannot  fail 
to  consider  that  the  position  of  Herzen,  of  those  reviewed,  is 
tlie  onlv  tenable  one. 

In  an  article  written  since  Bellamy's  review  was  published 
l^opelski^^  reiterates  his  views,  and  states  that  since  it  has 
been  demonstrated  that  there  exist  in  the  organism  bodies  in 
the  nature  of  ferments  possessing  oxidizing  properties,  which  he 
Ixilieves  to  be  derived  mainly  from  leucocytes,  the  results 
()l)tained  by  Schiff,  Herzen,  Pachon  and  Gachet  can  all  be 
explained  by  their  action.     During  the   height  of  digestion 


"Popelski:    Vratch,  Feb.  3,  1901. 
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digestive  lencocytosis  prevails^  and^  an  accompanjring  destruc- 
tion of  these  cells  yielding  more  oxidizing  bodies^  the  latter, 
he  thinks,  are  the  source  of  conversion  of  protrypsin  or  tryp- 
sinogen  into  trypsin,  which  thus  becomes  a  function  of  the 
blood.  Thus,  the  spleen  would  have  nothing  to  do  with  the 
process,  the  hyperaemia  and  dilation  of  this  organ  during  the 
formation  of  trypsin  being  regarded  merely  as  concomitant 
phenomena. 

The  only  feature  of  interest  to  us  in  Popelski's  last  paper 
is  the  fact  that  his  experiments  were  performed  in  accordance 
with  the  directions  of  Schiff.  That  he  should  be  driven  thereby 
to  ascribe  all  the  phenomena  witnessed  to  the  action  of 
"oxidizing  bodies"  adds  materially  to  the  data  contributed  by 
Schmiedeberg,  Jaquet,  Abelous  and  Biam^s,  and  Salkowski, 
proving  experimentally  the  existence  of  an  oxidizing  substance, 
and  is  suggestive.  Indeed,  when,  in  addition  to  this,  we  realize 
the  strength  of  Heidenhain's  position,  the  manner  in  which 
it  shook  to  its  very  foundation  the  equally  strong  position  of 
SchiflPs  views  as  developed  by  Herzen,  by  pointing  to  the  in- 
fluence of  oxygen  as  another  agency  through  which  trypsin 
could  be  developed  from  trypsinogen,  "trypsin  being  oxidized 
trypsinogcn,''  the  following  query  suggests  itself:  Are  we  not 
dealing  with  two  processes  working  in  sequence,  a  part  of  the 
tr}'p8inogen  secreted  in  the  splenic  vein  being  converted  by 
the  splenic  secretion  for  use  in  the  portal  vein,  and  the  rest 
being  converted,  when  the  arteries  are  reached,  by  the  oxidiz- 
ing substance? 

To  determine  whether  such  a  deduction  is  at  all  warranted 
or  whether  it  is  subject  to  modifications  through  which  the 
various  views  submitted  and  our  own  can  be  conciliated,  we 
find  it  necessary  to  closely  analyze  the  manner  in  which  the 
pancreas  and  the  spleen  are  functionally  governed. 

The  Functional  Mechanism  of  the  Pancreas. — ^The 
pancreas  will  first  receive  our  attention.  Referring  to  this  or- 
gan, Howell  says:  ^TJntil  recently  little  direct  evidence  had 
been  obtained  of  the  existence  of  secretory  nerves.  Stimulation 
of  the  medulla  was  known  to  increase  the  flow  of  pancreatic 
juice  and  to  alter  its  composition  as  regards  the  organic  constit- 
uents, but  direct  stimulation  of  the  vagus  and  the  sympathetic 
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nerves  gave  only  negative  results.  Lately,  however,  Pawlow 
and  some  of  his  students  have  been  able  to  overcome  the 
technical  difficulties  in  the  way,  and  have  given  what  seems 
to  be  perfectly  satisfactory  proof  of  the  existence  of  distinct 
secretory  fibers  comparable  in  their  nature  to  those  described 
for  the  salivary  glands.  The  results  that  they  have  obtained 
may  be  briefly  stated  as  follows :  Stimulation  of  either  the  vagus 
nerve  or  the  sympathetic  causes,  after  a  considerable  latent 
period,  a  marked  flow  of  pancreatic  secretion.  The  failure  of 
other  experimenters  to  get  this  result  was  due  apparently  to 
the  sensitiveness  of  the  gland  to  variations  in  its  hlood-supplff.^* 
Either  direct  or  reflex  vasoconstriction  of  the  pancreas  pre- 
vents the  action  of  the  secretory  nerves  upon  it.  Thus,  stim- 
ulation of  the  sympathetic  gives  usually  no  effect  upon  the 
secretion,  because  vasoconstrictor  fibers  are  stimulated  at  the 
same  time;  but  if  the  sympathetic  nerve  is  cut  five  or  six  days 
previously,  so  as  to  give  the  vasoconstrictor  fibers  time  to  degen- 
erate, stimulation  will  cause,  after  a  long  latent  period,  a  dis- 
tinct secretion  of  the  pancreatic  juice.^* 

Tlie  quotation  almost  suffices  to  show  that  the  sympathetic 
fibers  are  vasoconstrictors  as  elsewhere,  in  the  light  of  our 
views,  and  that  the  secretory  nerve  is  the  vagus.  This  view 
is  conclusively  supported,  however,  by  evidence  from  other  direc- 
tions. As  to  the  vagus,  Fran^ois-Franck  and  Ilallion^'  in  addi- 
tion to  ihe  dilator  ofTects  produced  on  the  liver  state  that  "this 
vasodilator  action  is  also  found  in  the  pancreas.'*  Stimulation 
of  the  peripheral  ends  of  both  vagi,  after  section,  between  the 
cardiac  plexus  and  the  diaphragm  caused  a  wide  dilation  of  the 
pancreatic  vessels,  which  persisted  some  time,  entailing  a  low- 
ering of  the  aortic  pressure.  They  also  obtained  dilation  of 
these  vessels  reflcxly,  by  stimulating  the  central  end  of  the 
nerve  after  it  had  been  cut  on  a  level  with  the  a?sophagus.  We 
have  also  in  the  experiments  of  Mette^*  and  Kudrewetzky" 
evidence  of  the  direct  action  of  vagal  stimuli  upon  muscular 
fiber.    Having  observed  that  the  secretion  caused  by  stimulating 


"  AU  Italics  are  our  own. 
"  Prancols-Pranck  and  Hallion:    Loc.  cit. 
"Mctte:    Archiv  f.  Physiol.,  Suppl.  Bd.,  1894. 
>«  Kudrewetzky:   md. 
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one  vagus  could  often  be  arrested  by  exciting  the  other  vagus, 
he  concluded  that  this  nerve  contained  antagonistic  fibers.  This 
dual  set  becomes  unnecessary,  however,  if  strieto-dilation  is 
accepted  as  the  mechanism  of  the  vasodilation  observed  by 
Fran^is-Franck  and  Hallion.  Indeed,  vagal  stimuli  capable 
of  causing  contraction  of  the  vascular  muscles  to  which  stricto- 
dilation  is  due,  can  as  well  induce  contraction  of  the  muscular 
coats  of  Wirsung's  duct,  and  thus  arrest  the  flow  of  secretion 
of  pancreatic  juice  precisely  as  it  does  that  of  bile. 

As  the  sympathetic  supply  Frangois-Franck  and  Hallion^* 
obtained  plethysmographically  vasoconstrictor  effects  on  stimu- 
lating the  splanchnic,  and  traced  the  constrictor  fibers  to  the 
cord.  The  fibers  were  supplied  through  the  fifth  thoracic  com- 
municating branches  to  the  second  lumbar  inclusive,  the  ma- 
jority of  them  reaching  the  solar  plexus  by  way  of  the  greater 
splanchnic.  The  fibers  then  formed,  they  contend,  "a  secondary 
plexus  enveloping  the  pancreatic  artery.^'  They  also  state  that 
"this  arterial  path  seems  to  be  the  only  one,  since  the  destruc- 
tion of  the  fibers  that  accompany  the  artery  suppress  the  pan- 
creatic vasoconstrictor  effects  of  any  sympathetic  branch  stim- 
ulated.*' Again,  Popelski^^  refers  to  various  ways  in  which 
inhibition  of  the  flow  of  secretion  may  be  caused.  Among  these 
are:  Stimulation  of  the  vasoconstrictor  fibers,  and  stimulation 
of  "secretion-inhibiting''  fibers  supposed  by  him  to  represent  a 
special  set.  The  mode  of  termination  of  the  sympathetic  fibers 
on  the  pancreatic  artery  as  given  by  Frangois-Franck  and 
Hallion  readily  accounts  for  the  inhibition  caused  by  excessive 
excitation  of  the  nerves.  These  (sympathetic)  fibers  are  thus 
evolved  from  the  suppositious  special  "secretion-inhibiting" 
nerves — a  rather  incongruous  combination,  since  by  arresting 
the  flow  of  blood  to  the  organ,  they  prevent  and  may  arrest  the 
secretory  process. 

It  is  evident  that  these  vasoconstrictor  fibers  are  distinct 
from  the  true  secretory  fibers,  for  Pawlow^**  says,  alluding  to 
Popelski's  work:     *^y  a  careful   preparation   of  the   nerves. 


'•  Francois- Franrk  and  Hallion:     Archives  de  physlol.   norm,   et  pathol.,  T. 
Iz,  p.  661.  1897. 

"PopelskI:    Centralbl.  f.  Physiol.,  Bd.  x,  S.  405,  1896. 

>*Pawlow:    "The  Work  of  the  DigestiTe  Glands,"  Eng.  Trans..  London,  1902. 
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some  branches  were  discovered  whose  excitation  caused  a  secre- 
tion without  any  latent  period  almost  as  promptly  as  the 
chorda  expels  saliva.  From  the  latter  fact  we  must  conclude 
that  in  the  branches  mentioned,  the  secretory  fibers  of  the 
pancreas  have  been  anatomically  separated  from  the  inhibitory/' 
Finally,  a  proof  that  we  are  dealing  with  exaggerated  constric- 
tion ending  in.  experimental  inhibition  and  not  with  a  true 
secretory  nerve  is  afforded  by  the  following  observation  of 
KudrewetzkiV* :  "If  the  sympathetic  nerve  be  excited  by  means 
of  an  induced  current,  a  gentle  intermittent  advance  of  the 
secretion  is  observed,  but  only  during  the  first  few  seconds; 
during  the  later  stages  of  the  excitation,  and  after  its  stoppage, 
the  secretion  is  completely  arrested."  We  have  here,  obviously, 
the  identical  result  observed  in  the  submaxillary  gland  when 
the  cervical  sympathetic  is  stimulated — a  brief  exacerbation  of 
activity  due  to  the  propulsion  of  a  small  quantity  of  blood  into 
the  secretory  elements — and  simultaneously  additional  evidence 
that  the  s}iiipathetic  in  the  pancreas  fulfills  vasoconstrictor 
functions. 

This  involves  the  conclusion  that  as  elsewhere  the  blood- 
plasma — laden  with  oxidizing  substance — is  able  to  reach  the 
glandular  cells.  This  is  shown  by  a  brief  review  of  the  relation- 
ship between  the  nervous  and  vascular  structures  of  the  organ. 

Keferring  to  the  blood-vessels,  Piersol  says:  *T?he  larger 
arterial  branches  run  within  the  interlobular  connective  tissue, 
sending  off  vessels  which  pass  between  the  lobules  and  supply 
the  glandular  parcncli}iTia  with  twigs.  These  latter  enter  the 
lobules  and  form  net-worlds  which  inclose  the  individual  acini 
within  the  capillary  reticulum.  The  capillaries  lie  beneath  the 
basement  membrane  in  close  relation  with  the  glandular  epi- 
thelium. The  veins  accompany  the  arterial  trunks  within  the 
connective  tissue.'*  A  similar  arrangement  prevails  in  the 
distribution  of  the  nerve-terminals.  According  to  Bam6n  y 
Cajal  and  C.  Sala,  the  pancreas  contains  many  nerve-cells 
and  fibers  of  Eemak.  Some  cells  are  found  in  the  interacinous 
spaces ;  others  are  in  contact  with  the  intrinsic  vascular  walls, 
and    their  finer   prolongations  surround   the   glandular   cells. 


^Kudrewetzki:    Quoted  by  Pawlow:    Loc,  cit 
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Those  connected  with  the  vessels  form  a  plexus  around  them, 
and  send  extremely  fine  filaments  to  the  muscular  elements. 
Alluding  to  the  nerve-cells,  Bam6n  y  Cajal  says:  *TVe  may 
consider  this  cell  as  a  special  cell,  all  the  prolongations,  or 
almost  all  the  prolongations,  of  which  possess  the  meaning  of 
nervous  prolongations  contrary  to  the  cells  of  the  sympathetic 
chain,  that  have  two  kinds  of  prolongations:  along  one,  or 
fiber  of  Remak,  for  the  viscera,  and  short  prolongations  com- 
parable to  the  protoplasmic  prolongations  of  cerebro-spinal 
cells,  destined  to  establish  relations  by  contact  between  the 
neighboring  cells  of  a  ganglion/*  Berdal,  who  quotes  the 
above,  therefore  recognizes  two  varieties  of  nerve-fiber  in  the 
pancreas:  "1.  The  nerve-fibers  formed  by  the  cellular  pro- 
longations and  which  supply  the  periacinous  and  perivascular 
plexuses.  2.  The  nerve-fibers  derived  from  the  sympathetic 
nerves  which  penetrate  into  the  pancreas  with  the  vessels. 

On  the  whole  the  functions  of  the  pancreas  appear  to  be 
governed  as  follows: — 

1.  The  nervous  supply  of  the  pancreas  is  derived  from  the 
vagus  and  the  sympathetic  systems, 

2,  When  the  secretory  functions  of  the  organ  are  to  be 
enhanced,  the  vagal  terminals  cause  vasodilation  of  its  arteri- 
oles, thus  increasing  the  arterial  blood  circulating  through  it, 

S,  When  the  functional  activity  of  the  pancreas  is  to  be 
diminished  its  arterioles  are  caused  to  contract  by  the  sym- 
pathetic nerves,  and  the  blood  circulating  through  the  organ  is 
reduced. 

Functional  SlEcnANiSM  of  the  Spleen. — The  innerva- 
b'on  of  the  spleen  includes,  as  a  predominating  feature,  the 
distribution  of  a  fair  proportion  of  the  terminal  fibers  to  the 
muscular  elements,  which,  in  man,  are  mainly  supplied  to  the 
trabecule,  ^^^e  have  evidence,"  savs  Professor  Foster,  ^^that 
the  muscular  activity  of  the  spleen,  whether  of  the  muscular 
capsule  and  trabeculjc  and  arteries  combined,  or  of  the  latter 
alone,  is  under  the  dominion  of  the  nervous  system.  A  rapid 
contraction  of  the  spleen  may  be  brought  about  in  a  direct  man- 
ner by  stimulation  of  the  splanchnic  or  vagus  nerves."  .  .  . 
"it  may  also  be  caused  by  stimulation  of  the  medulla  oblongata 
with  a  galvanic  current  or  ])y  means  of  asphyxia.    Though  the 
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matter  has  not  yet  been  fully  worked  ou^  ve  have  abeady 
sufficiently  clear  indications  fliat  the  flow  of  blood  throoj^ 
the  spleen  is,  through  the  agency  of  the  nervous  Bjriem,  varied 
to  meet  changing  needs.  At  one  time  -a  small  quantity  of 
blood  is  passing  through  or  is  being  held  by  the  organ  and 
the  metabolic  changes  which  it  undergoes  in  the  transit  are 
comparatively  slight.  At  another  time  a  larger  quantity  of 
I)lood  enters  the  organ  and  is  let  loose^  so  to  speak,  into  the 
splenic  pulp,  there  to  undergo  more  profound  changes,  and 
afterward  to  be  ejected  by  rhythmic  contractiona  of  the  mus- 
cular trabecule/' 

That  rapid  contraction  of  the  spleen  should  occur  under 
stimulation  of  the  splanchnic  nerve  is  easily  accounted  for  when 
the  role  of  sympathetic  nerves — ^those  it  supplies  the  organ — 
is  considered  to  be  that  I  have  attributed  to  them  in  the  fore- 
going chapters:  that  of  vasoconstrictor.  Indeed,  it  is  plain 
that  under  stimulation  these  nerves  should  reduce  the  caliber  of 
the  arterioles,  and,  therefore,  the  volume  of  blood  admitted  into 
the  organ,  and  that  it  should  contract  rapidly  owing  to  con- 
tinued depletion  of  its  veins.  The  constrictive  effect  of  stimu- 
lation of  the  medulla  on  the  arteries  we  have  repeatedly  seen; 
as  this  is  due  to  contraction  of  their  muscular  coats,  the  spleen 
is  evidently  influenced  in  a  manner  similar  to  that  following 
stinuilation  of  the  splanchnic,  the  smallest  arteries  being  the 
first  obstructed  under  violent  vasoconstriction. 

But  why  should  stimulation  of  the  vagus  also  induce 
splenic  contractdon?  This  requires  an  examination  off  the 
distribution  of  the  nerve- terminals.  The  innervation  of  the 
spleen  was  studied  by  Kolliker  in  various  animals,*^  and  his 
obser\^ation8,  when  viewed  in  the  light  of  my  conception  of 
the  functional  mechanism  of  glandular  organs,  are  suggestive. 
"The  vasomotor  nerves  enter  the  organ  with  the  large  arteries. 
In  the  walls  of  the  large  arteries  the  main  trunks  form  a  well- 
marked  superficial  plexus  with  oblong  meshes  in  the  adventitia, 
and  a  deep,  more  quadrate  neUworJc  in  the  tunica  media ;  some 
end  in  the  little  branched  arborizations  in  this  coat.  The 
smaller  arteries  and  the  trabecular  receive  their  nerves  from 


»  KdUiker:    SiUungabcrlcht  d.  Wflrab.  Phys.  med.  GesellBchaft,  No.  t  1398. 
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the  rich  maze  of  fibers  in  the  pulp>  consisting  of  ads-cylinders, 
which,  however,  do  not  anastomose.  Other  fibers  form  a  plexus 
on  the  surface  of  the  trabecular,  and  from  this  fibrils  penetrate 
into  the  interior  of  the  trabecular  (which  contain  much  smooth 
muscle)  and  end  by  free  arborizations.'^  Free  terminals,  which 
Kolliker  regards  as  sensor}'  fibers,  were  also  found.  When  we 
consider  that  the  trabeculae  penetrate  deeply  into  the  interior 
of  the  organ  from  the  inner  surface  of  the  capsule  in  every 
direction,  thus  forming  a  spong}'  frame-work,  and  that  the 
muscular  capsule  overlying  the  organ  and  this  spongy  frame- 
work, is  also  supplied  with  vagal  nerves,  its  contraction  under 
the  influence  of  the  latter  imder  stimulation  also  becomes  self- 
evident  in  the  light  of  our  views :  The  vagus  acting  as  a  vaso- 
dilator allows  an  excess  of  blood  to  penetrate  into*the  muscular 
elements,  causing  them  to  contract  and  thus  to  diminish  the 
size  of  the  organ.  Indeed  Roy^*  who  first  called  attention  to 
the  rhythmic  contractions  of  the  spleen,  ascribed  them  to  im- 
pulses received  by  way  of  the  vagus. 

A  feature  of  the  experimental  work  upon  this  organ  which 
tends  greatly  to  produce  confusion  in  the  interpretation  of  its 
functicm,  is  the  belief  tliat  it  is  supplied  with  inhibitory  fibers. 
Thus,  according  to  Schafer^'-*  these  fibers  are  contained  in  the 
splanchnic  nerves  and  their  stimulation  "produces  a  dilatation 
of  the  spleen/'  It  is  plain,  in  the  liglit  of  our  interpretation 
of  "inhibition,"  that  we  are  merely  dealing  with  an  experimental 
phenomenon  due  to  the  excessive  vasoconstriction  which  elec- 
tricity produces  when  applied  to  sympathetic  vasoconstrictors, 
and  that  the  organ  does  not  receive  "inliibitory  fibers"  as  text- 
books call  them. 

^  The  interpretation  of  the  splenic  functional  mechanism 
in  accordance  with  our  views  is  greatly  facilitated  when  the 
microscopical  anatomy  of  the  organ  is  considered  in  the  light 
of  F.  P.  Mall's-^  researches.  Tlie  organ  is  divided,  as  is  the 
liver,  into  lobules,  each  of  wliich  is  bounded  by  "interlobular" 
trabecula?:    those  to  which  we  have  already  referred.     Each 


"  Roy:    Journal  of  Physiol.,  vol.  Ill,  p.  203,  1880-2. 

«  Schafer:     "Prococdings  of  Royal  Society,"  London,  1896,  vol.  llx,  No.  365; 
and  Journal  of  Physiology,  1896,  vol.  xx. 

>*F.  P.  MaU:    Johns  Hopkins  Hospital  DulIetiD,  Sept,  Oct,  1898. 
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1oI)iiIg  is  al>out  1  millimeter  in  diameter,  is  partitioned  into 
a1)out  ten  compartments  by  intralobular  trabecnke,  and  receiyes 
an  artery  which  sends  minute  branches  to  each  compartment. 
There  is  also  considerable  analogy  between  each  one  of  these 
compartments  and  the  hepatic  lobule^  the  hepatic  cells  being 
represented  by  masses  of  pulp  separated  by  venales,  which 
vessels  carry  back  to  the  veins  leading  to  the  greater  splenic 
vein  the  various  elements  transferred  to  the  liver.  .The  pulp 
itself  is  made  up  of  an  extremely  delicate  reticolmn,  in  which 
are  found  red  corpuscles,  lymphocytes,  remains  of  corpaadeB 
with  or  without  pigment,  etc.  The  arteries — which  bring  to 
the  organ  oxidizing  substance — soon  after  entering  the  organ 
assume  an  unusual  shape:  their  outer  coat  becomes  lymphoid, 
forming  nodules  similar  to  the  solitary  follicles  of  the  intes- 
tine,— i.e.,  the  Malpighian  corpuscles, — ^in  which  lymphocytes 
are  formed.  When,  after  numerous  subdivisions,  their  diam- 
eter becomes  greatly  reduced,  the  arteries  resume  their  normal 
adventitia  and  on  reaching  the  pulp  in  the  compartments  break 
up  into  minute  capillaries.  The  arrangement  is,  after  all,  an 
uncomplicated  one,  and  similar,  in  general  plan,  to  that  of  other 
organs  reviewed. 

The  connection  between  the  nervous  supply  of  the  spleen 
and  that  of  the  other  digestive  organs  becomes  evident  when 
the  distribution  of  the  coeliac-plexus  branches  is  recalled. 
"The  splenic  plexus,^'  say  Pick  and  Howden,**  "is  formed  by 
brancLes  from  the  cceliac  plexus,  the  left  semilunar  ganglia, 
and  f^om  the  right  pneumogastric  nerve.  It  accompanies  the 
splenic  artery  and  its  branches  to  the  substance  of  the  spleen, 
giving  off,  in  its  course,  filaments  to  tlie  pancreas  (pancreatic 
plexus)  and  the  left  gastro-epiploic  plexus,  which  accompanies 
the  gastro-epiploica  sinistra  artery  along  the  convex  border  (9 
the  stomach.**  If  we  append  to  this  KoUiker's  description  of 
the  intrinsic  nervous  supply  and  the  manner  in  which  it  is 
connected  with  the  blood-vessels,  it  will  become  apparent  that 
we  liave  a  counterpart  of  the  vasculo-nervous  mechanism  of 
all  the  other  organs  of  the  digestive  system  we  have  studied, 
viz.,  a  system  of  vagal  fibers  capable  of  inciting  the  spleen  to 


»*  Pick  and  Howden:     "Gray's  Anatomy,"  p.  806. 
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inenMed  fanctioiiil  activity  by  canBing  an  excess  of  Uood  to 
enter  the  ocgaiiy  and  sympathetic  fibers  to  reduce  its  fanctional 
actrrttj  by  canaiiig  fhe  vessels  to  resume  their  normal  caliber. 

TbB  fimctions  of  tiie  Malpighian  corpuscles  around  the 
ferndB  voold  fliiiB  be  insured  by  fibers  from  the  vagus.  In- 
deed,  Fmari*  traced  nervous  filaments  within  these  bodies.- 
The  polp  18  also  possessed  of  a  ^rich  maze  of  fibers  consisting 
of  axis-cylindeia^— doubtiess  sensory  structures.  But  here  an 
independent  motor  supply  must  also  be  present^  since  we  also 
have  fibers  that  form  ^a  plexus  on  the  surface  of  the  trabec- 
ule/' filaments  from  which  penetrate  into  the  trabeculae.  These, 
we  have  seen,  contain  much  smooth  muscle,  and  the  nerve- 
filaments  are  connected  with  them  by  'Wellings"  (Fusari), 
evidentiy  end-plates.  Kupffer's  bile-alveolus,  with  its  canaliculi, 
is  recalled  by  a  similar  receptable:  i.e..  Mall's  '^intralobular 
venous'  spaces,"  which  form  the  starting-point  of  the  venules 
that  ultimately  end  in  the  large  trunks  leading  to  the  splenic 
vem. 

On  fhe  whole,  we  may  conclude  as  follows:— 

1.  The  nerves  of  the  spleen  are  derived  from  two  auton- 
omous  sources,  fhe  vagus,  or  pneumogastric,  and  the  sympathetic 
system. 

2.  The  functional  activity  of  the  spleen  is  incited  by  the 
vagal  nerves  distributed  to  its  arterioles:  by  causing  dilation 
of  these  vessels,  they  admit  an  excess  of  blood  into  all  the  struc- 
tures of  the  organ,  causing  the  latter  to  dilate. 

The  vasoconstrictor  functions  of  the  sympathetic  are  as 
evident  here  as  in  other  organs  studied.  *The  spleen/'  says 
Howell,  "is  supplied  richly  with  nerve-fibers  which,  when  stim- 
ulated either  directly  or  reflexly  cause  the  organ  to  diminish 
in  size.  According  to  Schafer  these  fibers  are  contained  in  the 
splanchnic  nerves,  which  carry  also  inhibitory  fibers  whose 
stimulation  produces  a  dilatation  of  the  spleen.*'  The  sym- 
pathetic supply  of  the  spleen  has  been  clearly  shown.  Bulgak**^* 
obtained  vasoconstrictor  effects,  the  organ  becoming  pale  and 
shrunken,  by  stimulating  fibers  which  he  traced  to  the  semi- 
lunar ganglion  and  thence  to  the  left  splanchnic.    Tarchanoff 

■FuMrl:    Archives  Itallennefl  de  Diologie.  Turin,  toI.  xlx,  p.  288,  18M. 
"•Biilsak:   yircliow'i  AicbiT,  Bd.  Ixix,  p.  181,  1877. 


300  INTERNAL  8BCRBTION8  OP  PANCRBA8  AND  SFLKBN. 

reached  similar  results  but  by  stimulatiiig  either  spkndmic 
Sehafer  and  Moore  studied  the  same  subject  by  means  of  a 
plcthysmograph  specially  constructed  to  avoid  any  obatmctioa 
to  the  circulation  in  the  organ's  extrinsic  vessels.  They  fonnd 
the  spleen  extremely  responsive  to  blood-pressure  fiuctnatioDBy 
and  obtained  constriction  by  stimulating  either  splanchnic,  the 
left,  however,  giving  more  marked  results  than  the  right.  The 
constrictor  fibers  were  found  to  raise  from  the  third  thoracic 
to  the  first  lumbar  inclusive,  tlie  most  active  arising  from  the 
sixth,  seventh,  and  eighth  thoracic.  This  evidence  clearly  shows 
that  the  role  of  the  spleen's  sympathetic  supply  is  purely  vaso- 
constrictor.   Hence : — 

S.  When  the  functional  activity  of  the  organ  is  to  he 
diminished,  the  sympathetic  fibers  cause  constriction  of  the 
arterioles,  thus  reducing  the  volume  of  Hood  admitted  into  the 
organ  and  passive  contraction  of  its  capsule. 

The  role  of  the  spleen  has  not  been  so  far  clearly  estab- 
lished. Howell,  in  the  second  edition  of  his  text-book  (1907) 
writes  in  this  connection:  *^As  to  the  theories  of  the  splenic 
functions,  the  following  may  be  mentioned :  1.  The  spleen  has 
been  supposed  to  give  rise  to  new  red  corpuscles.  This  it  un- 
doubtedly does  during  fcctal  life  and  shortly  after  birth,  and 
in  some  animals  throughout  life,  but  there  is  no  reliable  evi- 
dence that  the  function  is  retained  in  adult  life  in  man  or  ?n 
most  of  the  mammals.  2.  It  has  been  supposed  to  be  an  organ 
for  the  destruction  of  red  corpuscles.  This  view  is  founded 
chiefly  on  microscopical  evidence  according  to  which  certain 
large  amoeboid  cells  in  the  spleen  ingest  and  destroy  the  old 
red  corpuscles,  and  partly  upon  the  fact  that  the  spleen  tissue 
seems  to  be  rich  in  an  iron-containing  compound.  This  theory 
cannot  be  considered  at  present  as  satisfactorily  demonstrated. 
3.  It  has  been  suggested  that  the  spleen  is  concerned  in  the 
production  of  uric  acid.  This  substance  is  found  in  the  spleen, 
as  stated  above,  and  it  was  shown  by  Horbaczewsky  that  the 
spleen  contains  substances  from  which  uric  acid  or  xanthin  may 
readily  be  formed  by  the  action  of  the  spleen-tissue  itself.  More 
recent  investigations-"  have  shown  that  the  spleen,  like  the  liver 

**  (Consult  Jones  and  Austrian:    Zeit.  f.  physiol.  Chem,"  Bd.  zlTlii.  S.  HO, 
1908. 
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and  some  other  organs,  contains  special  enzymes  (adenase, 
guanase^  and  zanthin  oxydase),  by  whose  action  tiie  split 
products  of  the  nucleins  may  be  converted  to  uric  acid,  and 
it  is  probable,  therefore,  that  this  latter  substance  is  constantly 
formed  in  the  spleen.  4.  Lastly,  a  theory  has  been  supported 
by  Schiff  and  Herzen,  according  to  which  the  spleen  produces 
something  (an  enzyihe)  which,  when  carried  in  the  blood  to  the 
pancreas,  acts  upon  the  trypsinogen  contained  in  this  gland, 
converting  it  into  trypsin.'*  The  latter  is  treated  at  length 
under  the  next  heading. 

The  statement  that  the  spleen  contains,  as  do  other  organs, 
such  ferments  as  adenase,  guanase,  and  xanthin  oxydase  is  sug- 
gestive, in  view  of  the  fact  that  they  are  all  oxidizing  ferments. 
This  fact  is  all  the  more  interesting  in  that,  as  shown  below,  it 
is  the  plasma  alone,  i.e.,  plasma  deprived  of  its  red  corpuscles 
which  circulates  in  the  intercellular  spaces  of  the  pulp-cords. 

An  incidental  remark  of  Professor  MalPs,  in  the  contri- 
bution previously  referred  to,  goes  far  toward  demonstrating 
that  I  have  not  erred  so  far  in  ascribing  to  the  blood-plasma 
per  86  the  active  part  in  the  blood's  function.  This  constitutes 
such  a  far-reaching  feature  of  this  entire  work  that  the  follow- 
ing lines  appear  to  us  as  timely:  "The  microscopical  anatomy 
shows  that  the  ampullae  and  venous  plexus  have  very  porous 
walls  which  permit  fluids  to  pass  through  with  great  ease  and 
granules  only  with  difficulty.  In  life  the  plasma  constantly 
flows  through  the  intercellular  spaces  of  the  pulp-cords,  while 
the  hlood-corpuscles  I'cep  within  fixed  channels.  Numerous 
physiological  experiments  which  I  have  made  corroborate  this 
view.'*  If  this  can  occur  in  the  spleen  it  is  doubtless  possible 
elsewhere  in  the  organism,  especially  when  we  consider  that 
red  corpuscles  average  in  diameter  about  V.iooo  ^f  ^^  inch, 
while  the  lumen  of  the  majority  of  functional  capillaries  is  less 
than  one-half  that  size.  Of  course,  corpuscles  adjust  them- 
selves to  the  dimensions  of  the  structures  surround  them ; 
but  it  is  apparent  that  in  many  instances — the  tortuous  capil- 
laries of  pericellular  net-works,  for  instance — such  a  system 
could  but  compromise  the  free  circulation  of  the  fluids,  and, 
simultaneously,  the  functional   efficiency  of  the  organ  itself. 
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THE  SPLEXO  PANCREATIC  INTERNAL  8EGRETE0N. 

From  the  data  already  submitted  as  to  the  functions  Qf» 
and  the  functional  relationship  between  the  spleen  and  pancreas, 
it  is  evident  that  each  possesses  its  own  complete  mechanismy 
and  that  in  both  organs,  as  elsewhere  in  the  economy,  the  oxidiah 
ing  substance  (adrenoxidase)  or  the  blooi  containing  U  is  Oie 
source  of  functional  activity. 

Still,  have  we  any  reason  to  believe,  with  Popelski,  that 
it  is  tlirough  oxidation  that  the  intrapancreatic  trypsinogen 
becomes  converted  into  trypsin?  Can  we  say,  for  instance:  the 
intrapancreatic  conversion  of  trypsinogen  into  trypsin  is  not 
elTected  by  the  splenic  ferment,  but  by  the  oxidizing  substance, 
when  tlio  efTerent  vagus  nerves  transmit  appropriate  impulses? 
We  think  not^  much  as  such  a  process  would  coincide  with  the 
multiple  functions  that  we  have  already  ascribed  to  the  oxidiz- 
ing substance. 

We  have  seen  that  when  the  pancreas  becomes  function- 
ally active  its  arterioles  are  caused  to  dilate  by  their  vagal 
nerve  terminals,  and  that  the  speed  of  the  blood-flow  through 
the  organ  is  increased.  Yet,  while  the  net-work  of  capillaries  is 
very  rich,  these  encircle  the  secreting  lobules,  and,  though  in 
close  relation  with  the  glandular  epithelium  beneath  the  base- 
ment membrane,  they  in  no  way,  as  in  the  spleen,  break  up 
into  reticulated  tissue  wherein  their  blood  is  poured;  they 
merely  lapse,  as  elsewhere  in  the  organism,  into  venules,  which 
ultimately  carry  the  blood  to  tlie  larger  venous  channels. 
Blood  and  trypsinogen  do  not  come  into  contact,  therefore, 
in  the  ducts  of  the  typical  pancreatic  lobule:  that  which  text- 
books employ  to  illustrate  the  origin,  centripetal  migration, 
and  functional  elimination  of  the  zymogen  granules.  These 
are  lost  in  the  lobular  lumina  and  ultimately  reach  the  greater 
duct  on  its  way  to  the  intestine,  without  apj)«rently  having 
come  into  contact  with  the  oxidizing  substance. 

But,  this  being  the  ca*se,  how  can  we  account  for  the  ex- 
perimental evidence  adduewl  by  Schiff  and  Herzen  and  other 
physiologists  who  have  confirmed  their  work?  How  can  we 
explain,  for  instance,  the  digestion  of  17  grammes  of  albumin 
in  7  hours  with  pancreas  obtained  from  a  normal  cat  and  no 
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digestkni  in  12  haan  with  pancreas  from  one  in  which  the 
^eflselB  of  fbe  splenic  hilum  iiad  been  ligated:  an  experiment 
lepeaied  many  times,  and  always  with  identical  results? 

It  is  evident  that,  if — as  believed  by  Schiff  and  Herzen — 
the  dicolatory  cycle  must  be  traversed  by  the  splenic  ferment 
before  the  pancreas  can  be  influenced  by  it>  this  ferment  will 
merely  pass  through  the  pancreas  without  in  any  way  convert- 
ing trypsinogen  into  trypsin^  and  fruitlessly  re-enter  the  splenic 
venous  cnrrent.  There  being  no  connection  between  blood- 
stream and  tripsinogen  and  none  between  the  latter  and  the 
splenic  ferment,  we  are  now  reduced  to  either  deny  the  need 
of  any  ccmverting  agency,  and  simultaneously  close  our  eyes 
to  all  the  experimental  data  adduced, — ^including  Popelski's, 
which  sustain  the  existence  of  some  process  which  has  imposed 
the  necessity  upon  him  of  accounting  for  resulis  witnessed, — 
or  seek  elsewhere  for  an  explanation  of  the  phenomena  recorded. 
Thanks  especially  to  the  labors  of  Langerhans,'^  Laguesse,** 
and  Opie,'*  this  task  will  be  greatly  facilitated. 

Laguesse  having  studied  the  islands  of  Langerhans  in  the 
pancreas  of  an  adult  man  (an  executed  criminal)  and  of  a  child 
which  has  died  several  hours  after  birth  without  having  taken 
nourishment,  and  in  the  sheep,  reached  the  following  deduc- 
tion, quoted  from  one  of  our  own  reviews  of  his  work.**  'Tjong 
before  the  pancreas  begins  its  function  as  a  digestive  gland 
granules  of  secretion  accumulate  in  the  internal  zones  of  the 
cells;  and,  when  these  come  into  contact  with  the  blood,  a  por- 
tion of  them  appear  as  though  dissolved,  while  in  others  the 
granules  are  resorbed.  It  might  be  supposed,  with  some 
reservations,  that  an  internal  secretion  always  exists  in  the 
cell, — ^very  much  developed,  however,  and  preceding  the  ex- 
ternal secretion  in  the  foetus.  Ijater,  each  cellular  group  would 
be  first  full,  then  acinous,  fumfshing  alternately  an  internal 
and  an  external  secretion.'*  Opie  refers  to  the  observations 
of  Eiihne  and  Lea'*  in  injected  specimens,  in  which  these  in- 


"^  Langerhans:    Inaugural  Dissertation,  Berlin,  1809. 

*  Laguesse:  Comptes-Rendus  Ilebdom.  des  stances  et  m^moires  de  la  Soci6t6 
de  Uologie,  Paris^  No.  28.  1893. 

*0pie:    Johns  Hopkins  Hospital  Bulletin,  Sept,  1900. 

"Laguesse:    "Annual  of  the  Universal  Medical  Sciences,'*  vol.  t,  1894. 

•^  Kflhne  and  Lea:  Untersuch.  a.  d.  Physiol.  Inst  d.  Univ.  Heidelberg,  il* 
481,  int. 


olU  INTBKNAL  SECRETIONS  OP  PANCRBA8  AND  BFLSEN. 

\c<up\Xi^TS  **founi1  scattered  through  the  organ  glomerular 
^:nutu^os  L^^!ii{>«>>i'il  of  dilated  and  tortuous  capillaries,  and 
^■:o\\tl!  tiiat  tiioik^  glomeruli  correspond  to  the  cell-groupe 
^^\\iK]\  Lmirorlians  iloscTibcd.  The  islands  are  penetrated  by 
i.i'.ir.iroii!!  wiilo,  toriuou?  capillaries^  which  lie  between  cells, 
:''rT:::n::  irn*iralar.  anastomosing  columns.  Material  injected 
ii::.^  li.o  (:':../  of  the  gland  does  not  penetrate  the  islands.'' 
l  i.o  vitw  tlat  tho  i>lanilf:  of  Langerhans  furnish  an  internal 
si\rtt:v'ii  is  inJ.invily  su>tainod,  and  the  histological  topography 
i.-.i/'iuil  s<v!:-.>  to  funiish  a  clue  to  the  mechanism  involved: 
i.i\.  t-:i  t.:f,<.^?i:  ••  of  (wo  sets  of  glands  capable  of  yielding  similar 
:":.:..:>,  l:;i  '.:.:;ii.<ff-J  inJividuaJly,  as  regards  distribution,  io 
:'•:  .'.::.:'>•  0/  two  systiuis:  the  digestive  system  and  the  drcula- 

T.^  iiovoloii  tlii>  i>ropo>ition  and  that  on  page  379,  we 
viV.  iv.:^!vn  i]:o  cxvti'.int  ]»a}x*f  of  E.  L.  Opie,"  in  which  the 
K :::.-:.  -/.'•> a  i<  iv.n  only  rovieweil,  but  also  greatly  elucidated 
i;  :  "jIl  : .  :-v.  r.  ::ni-t:iration?.  The  quotations  from  his 
:::;:v\'  \\i  1  Iv  1  v.il:r»l,  howivor.  to  the  features  bearing  directly 
•  i'.l  :\.i;\  wi^m  tho  tnio>tion  in  point,  as  given  in  the  above 


I  < 


itviliv  i  < »:  ii!u<  : — 


"Sv::;.;\r  iWhl  l>iamaro  think  that  the  vascular  islets  prob- 
;i:'ly  r;::ni>:'.  ;\n  intornal  soiivtion.  The  only  evidence  in  sup- 
pv^M  .^:'  ;■;'.<  sv.L:i:o>tion  is  oontainod  in  the  short  preliminary 
!i.^:ivo  ^>\  Ss.»l»o.i\\.  Ho  siatos  that  after  feeding  animals  on 
varhi»!iM:rati>  tho  ^il's  of  the  islands  become  more  granular. 
AtNr  li^atii^iT  th.o  tliut  of  Wirsiing  in  dogs,  the  islands  of 
l.ani^irhans.  ho  tin.ls.  arr  not  involvtMl  in  tlio  sclerotic  process 
y\\\u\\  ft^llous.  llo  ilunks  that  tliis  fart  explains  the  absence 
of  i:]Nvovuria  a  flop  ]ii:atit»n  of  tho  i^anoreatic  ducts.  In  human 
eases  I  had  ol^servod  afttT  diut  obstruction  similar  resistance 
of  the  ishmds  io  the  eonsequent  inflammation.  In  pancreases 
of  two  diaheties  Ssobolcw  was  unable  to  discover  islands  of 
hangiThans. 

•*lii  tho  human  pancreas  the  islands  were  found  to  be  more 
iniinerous  in  the  s])lenie  end,  or  tail,  than  elsewhere.  To 
obtain  a  numerioal  statement  of  their  relative  abundance,  their 


«».  L.  Oi»Io:    Loc,  Hi, 
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number  was  determined  in  a  sectional  area  of  0.5  square  cen- 
timeter. Sections  about  10  millimeters  thick  were  made  from 
the  enlarged  duodenal  portion  of  the  pancreas^  or  the  head; 
from  the  midportion,  or  body;  and  from  the  splenic  end^  or 
taiL  The  following  table  gives  their  number  in  an  area  of 
0.5  square  centimeter  in  sections  taken  from  the  head,  body, 
and  tail  of  ten  normal  organs: — 

Tablb  I. 

BBAD.  BOOT.  TIIL. 

1 14.0  18.0  80.0 

n 80.0  25.0  42.0 

ni 4.0  4.0  19.0 

IV 4.0  10.0  48.0 

V 27.0  18.0  60.0 

VI 26.0  27.0  96.0 

Vn 18.0  18.0  29.0 

Vm 6.0  10.0  29.0 

IX 44.0  82.0  61.0 

X 14.0  28.0  82.0 

Ayengd 18.8  18.0  84.0 

.  ^he  table  shows  that  the  islands  are  more  abundant  in 
the  tail,  or  splenic  end^  than  in  the  head  and  in  the  body, 
where  they  are  present  in  approximately  equal  number.  They 
are  almost  twice  as  numerous  in  sections  from  the  tail  as  in 
those  from  other  parts.  Since  tlie  number  in  only  one  plane 
is  recorded,  in  order  to  obtain  tlieir  actual  relative  abundance 
it  is  necessary  to  square  these  figures.  They  are  then  found 
to  be  slightly  less  than  three  and  a  half  times  as  numerous  in 
the  tail  as  elsewhere. 

'The  cells  composing  the  islands  resemble  those  of  the 
acini.  They  have  a  large,  round,  occasionally  oval,  vesicular 
nucleus  and  a  conspicuous  cell-body.  The  basal  zone  of  the 
secreting  cell,  as  is  well  known,  stains  deeply  with  nuclear 
dyes, — for  example,  hapmatoxylin  or  methylene  blue, — while 
the  central  portion,  which  contains  z^-Tnogen  granules,  remains 
unstained.  The  cells  of  the  island,  however,  do  not  stain  with 
nuclear  dyes,  while  with  eosin  their  protoplasm  takes  a  homo- 
geneous bright-pink  color.     The  nuclei  differ  but  little  from 
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those  of  neighboring  acini.  They  vary  considerably  in  size,  and 
not  infrequently  one  finds  very  large,  round,  vesicular  nuclei 
whose  diameter  is  two  or  more  times  that  of  those  about. 
Occasionally  the  cells,  forming  columns  between  which  are  the 
anastomosing  capillaries,  are  very  closely  packed  together,  and 
nuclei  are  situated  almost  side  by  side;  more  frequently  the 
cells  of  the  island  are  less  numerous  and  the  nuclei  are  less 
closely  crowded  together. 

'The  outline  of  the  island  is  usually  round  or  oval,  and 
is  not  infrequently  accentuated  by  a  delicate  circle  of  fibrous 
tissue.  In  other  instances  the  outline  is  less  sharp,  and  the 
body  accommodates  its  shape  to  that  of  the  neighboring  acini. 
Occasionally  one  sees,  apparently  within  the  island,  cells  ar- 
ranged, as  in  the  acini,  about  a  central  lumen,  and,  indeed, 
in  many  instances  it  is  difficult  to  convince  one's  self  that  they 
do  not  form  part  of  it.  The  impression  is  produced  that  the 
columns  of  the  island  are  in  continuity  with  cells  having  an 
acinar  arrangement  Since  the  islands  and  the  secreting  acini 
have  a  common  origin,  it  ift  not  inconceivable  that  they  may 
occasionally  remain  continuous  in  the  adult  organ.  When  the 
f(i»tal  pancreas  is  affected  by  congenital  syphilis,  the  islands,-  I 
have  found,  retain  their  continuity  with  the  secreting  struct- 
ures. 

"In  the  liuman  pancreas  the  groups  of  acini  about  ter- 
minal ducts  are  not  sharply  defined  by  connective  tissue;  so 
that  individual  lobules,  as  in  the  human  liver,  are  indistinctly 
marked  off  and  in  places  apparently  fuse  with  one  another. 
In  the  pancreas  of  the  cat  the  lobules,  like  those  in  the  liver 
of  the  pig,  are  much  more  sharply  outlined  by  interstitial  tis- 
sue. Details  of  structure  have  been  studied  in  the  pancreas 
of  tlie  cat. 

*The  parenchyma  is  divided  by  septa  of  fibrous  tissue  into 
small  polygonal  areas  in  size  and  shape.  When  injected  with 
Berlin  blue,  a  small  ramification  of  the  ducts  is  found  to  pene- 
trate the  isolated  group  of  acini.  These  subdivisions,  or  lob- 
ules, often  appear  completely  isolated  by  fibrous  tissue  from 
those  near  by,  but  when  one  of  them  is  traced  through  a  series 
of  sections  its  separation  may  be  uniform,  and  in  places  one 
finds    the    parenchyma    of    adjacent    lobules   in   contact,    the 
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septa  being  incomplete.  That  these  polygonal  stract- 
urea  are  actually  independent  of  one  another  and  represent 
nnita  of  atmctore  ia  readily  demonstrated  by  causing  an  in- 
flammatory increase  of  the  interstitial  tissue.  If  the  pancreatic 
ducts  of  a  cat  are  ligated  and  the  animal  killed  at  the  end  of 
two  or  three  weAs,  the  gland  is  found  to  be  the  seat  of  a 
chronic  interstitial  inflammation^  characterized  by  an  increase 
of  the  interlobular  tissue.  The  lobules  are  completely  sepa- 
rated from  one  another  by  narrow  bands  of  firm^  fibrous  tissue, 
and  occur  in  sections  as  rounded^  triangular,  or  polygonal  areas 
of  parenchyma. 

^he  islands  of  Langerhans  occupy  a  position  near  the 
center  of  the  lobul^  and  in  the  splenic  end  of  the  gland  each 
lobule  contains  an  island.  In  a  given  section  many  lobules 
whose  limits  are  more  or  less  distinctly  outlined  are  seen  to 
contain  islands  situated  near  their  center,  while  in  neighbor- 
ing lobules  such  structures  may  not  be  discoverable.  If,  how- 
ever^ serial  sections  are  studied,  every  lobule  is  found  to  con- 
tain an  island.  Its  presence  within  the  lobule  is  not  constant 
in  other  parts  of  the  organ,  and  in  the  extremity  of  the  de- 
scending arm  of  the  gland  they  are  very  few  in  number. 

**The  lobules  are  grouped,  about  the  medium-sized  ducts. 
The  main  ducts  give  off  branches  approximately  at  right  angles 
to  their  course.  Branching  one  or  more  times,  a  duct  formB 
the  center  of  a  group  of  lobules,  which  is  usually  elongated  in 
form  and  tapers  to  a  point  at  or  near  the  surface  of  the  gland. 
Such  lobule  groups  are  separated  from  one  another  by  rela- 
tively wide  bands  of  areolar  tissue  much  looser  in  texture  than 
that  separating  the  individual  lobules.  The  lobule  groups  in 
the  fresh  state  or  in  tissue  macerated  a  few  days  in  Muller's 
fluid  may  be  separated  from  one  another  by  careful  teasing. 
In  the  loose  tissue  lie  the  larger  ducts,  arteries,  veins,  and 
nerves.  An  artery  and  vein  penetrate  each  lobule  group  in 
company  with  the  duct,  and  ramify  between  its  lobules.  The 
smallest  arteries  occasionally  penetrate  the  lobules,  but  usu- 
ally branches,  diminishing  in  size,  give  off  capillaries  which 
enter  the  lobule  and  form  a  close  net-work  between  the  gland- 
acini. 

'.The   capillaries   of   tlie   island   of   Langerhans   form   a 
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glomerulus  of  tortuous,  freely-anastomosing  vessels,  much 
thicker  than  those  between  the  acini.  A  single  afferent  ves- 
sel like  that  of  the  glomerulus  of  the  kidney  does  not  enter 
this  group  of  dilated  capillaries,  but  numerous  anastomoses 
make  it  continuous  with  the  interacinar  capillaries.  When 
Berlin  blue  is  injected  through  the  aorta  into  the  arteries  of 
the  pancreas,  it  not  infrequently  happens  that  in  portions  of 
the  gland  which  are  poorly  injected  the  vessels  of  the  island 


Camera-Lucida  Tracing  of  the  Lobule  Boundaries  in 
One  of  a  Series  of  Sections  from  the  Splenic  End  of  a 
Cat's  Pancreas. 

The  majority  of  the  lobules  are  well  defined.  Those  marked  d, 
e,  f,  g,  and  h  are  poorly  outlined,  but  are  found  to  be  more  readily 
distinguishable  when  traced  through  the  series  of  secretions.  The 
lobules,  which  are  lettered  (a  to  o),  were  traced  through  the 
series,  and  each  was  found  to  contain  an  island  of  Langerhans  Sit- 
uated near  its  center.  The  section  passes  through  the  island  in 
lobules  o,  f,  i,  j,  and  n.    {Eugene  L.  Opie.) 

are  filled  with  the  injected  mass,  while  the  surrounding  capil- 
laries are,  for  tlie  most  part,  empty.  If  instead  of  soluble 
Berlin  blue  a  granular  injection  mass — for  example,  cinnabar 
or  ultramarine  blue — is  used,  the  islands  may  be  injected,  while 
the  interacinar  capillaries  contain  little  of  the  injected  mate- 
rial. The  glomerular  net-work  is  in  very  free  communication 
with  the  smallest  arteries,  and  apparently  has  a  richer  blood- 
supply  than  other  parts  of  the  lobule. 
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*^Iii  fhe  human  pancreas  lobules  and  lobule  groups  are  not 
BO  regularly  arranged  as  in  the  cat.  But  both  structures  are 
more  or  less  clearly  definable.  The  lobules  yary  much  in 
siie,  and  are  usually  not  dearly  separated  from  one  another. 
Though  an  island  of  Langerhans  is  often  situated  in  t^  cen* 
ter  of  a  more  or  less  clearly  defined  lobule,  no  constancy  of 
position  is  discoverable.  The  lobule  groups  are  separated  by 
relatively  wide  bands  of  loose  areolar  tissue  in  whidi  are  con- 
tained the  medium-sized  ducts,  the  blood-vessels,  and  the 
nerves.  Within  a  lobule  group  the  arteries  and  veins,  which 
are  side  by  side,  do  not,  as  in  the  cat,  accompany  the  ducts.'' 

The  multiplicity  of  facts  reviewed  in  the  foregoing  pages 
and  the  intricacy  of  the  whole  question  make  it  necessary  to 
collate  and  group  in  logical  sequence  the  salient  features  of 
each  subject  discussed,  in  order  to  render  a  fruitful  compari- 
son of  their  merits  possible.  Not  only  are  we  required  to 
analyze  the  questions  involved  in  the  light  of  the  solid  data 
that  the  last  forty  years  have  furnished, — i.e.,  since  Schiff 
first  studied  the  relations  between  the  spleen  and  the  pancreas, 
^^ut  all  these  must  likewise  be  sustained  by,  and  be  in  accord 
with,  the  functional  mechanisms  of  the  organs  involved  as  I 
Interpret  them  if  my  own  views  are  well  founded.  If  they  are, 
they  must  necessarily  assist  us  greatly  in  elucidating  the 
various  problems,  physiological  and  pathological,  to  which  ref- 
erence has  been  made,  since  the  very  elements  which  they  in- 
troduce bear  upon  a  predominating  factor  in  all  these  proc- 
esses: %.e.,  oxidation.  To  this  subdivision  of  the  subject  we 
will,  therefore,  turn  our  attention. 

Can  we  ascribe  to  oxygen,  or  rather  to  the  oxidizing  sub- 
stance of  the  blood,  the  conversion  of  pancreatic  trypsinogen 
into  trypsin?  We  have  seen  that  in  both  the  spleen  and  pan- 
creas the  oxidizing  substance  seems,  as  elsewhere,  to  play  the 
main  functional  role;  the  extrinsic  and  intrinsic  vessels  are 
disposed  in  a  similar  manner  as  regards  their  nervous  rela- 
tions, and  vasodilation  calculated  to  increase  the  flow  of 
blood  through  both  or<raiis  is  similar.  ^loreover,  we  have  seen 
that  in  the  spleen  the  dilation  incident  upon  malarial  in- 
toxication could  l)e  traced  to  the  adrenals,— tlie  i)rimary  source 
of  excessive  oxidation, — while  iu  toxic  glycosuria  we  obtained 
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88  dear  evidence  that  overactiyity  of  the  pancreas  ooold  alio 
be  aacribed  to  these  oigans.  Again,  the  ease  with  which  oxy- 
gen is  thought  to  convert  trypeinogen  into  trypsin — a  mars 
current  of  oxygen  through  a  solution  of  symogen  BufHcing  to 
produce  trypsin — has  been  fully  emphawied.  Besides  Heiden- 
hain's  labors  in  this  connection^  we  need  but  recall  SchifPa  ex- 
periment with  the  two  halves  of  a  pancreaSi  one  of  whidi  was 
infused  at  once  and  the  other  left  exposed  to  the  air  a  day, 
with  the  result  that  the  latter  alone  proved  active;  and  alao 
that  of  Herzen,  in  which  an  infusion  of  active  spleen  mixed 
with  an  infusion  of  inactive  (hence  zymogen-laden)  pancreas 
proved  very  active,  while  a  pancreatic  infusion  mixed  with  one 
of  inactive  spleen  digested  nothing.  Heidenhain  ascribed  to 
oxidation  the  conversion  into  trypsin^  in  this  experiment..  In- 
deed, when  we  consider  the  wealth  of  oxygen  in  the  blood 
supplied  the  pancreas,  direct  from  the  lungs  via  the  coeliac 
axis,  it  would  seem  as  if  it  should  be  the  predominating  factor 
of  the  conversion  processes  involved. 

And  yet,  the  oxidizing  substance  being  a  constituent  of 
the  blood-plasma,  it  would  have  to  penetrate  into  the  ducts 
per  86  and  as  oxidizing  substance  in  order  to  carry  out  the 
required  reaction.  There  is  no  evidence  that  a  direct  chan- 
nel, such  as  there  is  in  the  spleen,  by  means  of  which  the 
capillaries  directly  pour  their  blood  into  the  secreting  struc- 
tures, exists.  As  may  be  seen  in  the  annexed  illustration,  the 
splenic  vessels  actually  terminate  in  the  latter;  "their  walls 
become  much  attenuated,  lose  their  tubular  character,  and  the 
cells  of  the  lymphoid  tissue  of  which  they  are  composed  be- 
come altered,  presenting  a  branched  appearance  and  acquiring 
processes  which  are  directly  connected  with  the  prooesses  of 
the  sustentacular  cells  of  the  pulp/*** 

Nor  is  there  evidence  that  canaliculi  such  as  those  of  the 
hepatic  cell  exist  by  means  of  which  the  blood-plasma  or  its 
contents  may  directly  find  their  way  to  a  structure  correspond- 
ing to  bile-channels,  which  in  the  pancreas  would  be  repre- 
sented by  the  ducts.  Langerhans  long  ago  demonstrated  that 
canaliculi  were  present  in  the  lobules  between  the  epithelial 
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cells,  but  these,  besides  being  pyriform,  terminate  as  blind 
pouches,  with  their  orifice  directed  toward  the  glandular  lumen. 
Saviotti  alBO  found  these  minute,  delicate,  pouch-like  chan- 
nels. Bamon  y  Cajal,  using  the  Golgi  method,  found  that 
they  sent  offshoots  into  the  cells  themselves,  but  that  these 
also  ended  as  blind  pouches,  their  ampullar  dilations  never 
reaching- beyond  the  line  which  separates  the  granular  portion 
of  the  cell  from  the  clear  area.  It  is  evident  that  these  con- 
stitute collecting  channels  for  the  products  of  glandular  metab- 
olism :  a  further  indication  that  no  free  channel  between  the 
blood-stream  and  the  ducts  exists. 

Indeed,    experimental   proof   to   this   effect   is    available': 
When  the  histological  examinations  of  Kubne  and  Opie  were 


mentioned  on  page  394,  it  was  noted  that  material  injected 
into  the  duct  of  the  gland  did  not  penetrate  the  islands  of 
I^ngcrhans.  If,  on  the  other  hand,  Opie's  observation  that 
injections  of  Berlin  blue  often  filled  the  vessels  of  tlie  island 
per  se,  leavinfi  the  majority  of  surrounding  capillaries  empty, 
if  considered  in  this  connection,  it  is  evident  that  there  can 
be  no  direct  communication  between  ducts  and  blood-stream 
tlirough  either  the  if^lands  of  Langerlians  or  the  glandular 
lobules  tJiiit  contiiin  tliem.  This  involves  an  all-important 
deduction,  liowcvcr,  viz.:  that  the  splenic  ferment,  as  well  as 
the  o^irli/in^'  ^iili^tance,  merely  passes  through  the  pancreas 
in  tran^'it,  the  latter,  in  its  usual  capacity  of  reagent,  being 
intended  only  to  activate  function. 
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But  Iiow,  under  tliese  circumstances,  can  we  account  for 
the  experimental  results  reached  by  Schiff  and  Herzen,  Heiden- 
hain,  Lupine,  Pachon  and  Gachet,  and  Popdski?  All  these 
observers  in  one  way  or  another  have  unquestionably  shown  a 
direct  relationship  between  the  blood-serum  and  trypemogen, 
lloidenhain  and  Popelski  considering  oxygen  as  the  convert- 
ing agency,  with  solid  experimental  data  to  sustain  them; 
SchifT,  Ilerzen,  and  the  other  investigators  mentioned  attrib- 
uting to  the  splenic  fennent  the  same  mission,  with  equally 
strong  experimental  backing.  How  account,  for  example,  for 
the  results  observed  in  the  following  experiment  of  Herzen's? 
Two  fasting  (lops,  having  received  all  the  meat  they  could  eat, 
wore  at  once  submitted  to  ligation  of  the  pylorus,  bile-duct, 
and  jojiinal  end  of  the  duodenum,  and  also,  in  one  of  the  dogs.. 
of  the  liihnii  of  tlie  spleen.  Albumin  having  been  introduced 
into  the  duodenum,  both  dogs  were  killed  after  seven  hours. 
In  the  dog  with  ligated  splenic  hilum  the  albumin  was  intact; 
in  that  in  which  the  splenic  vessels  were  free,  the  albumin  had 
disappeared.  This  and  other  experiments  to  which  we  have 
referred  may,  indeed,  be  said  to  prove — ^whichever  be  the  pre- 
vail in<T  convertinor  aprency — that  a  communication  between  the 
blood-channels  and  the  ducts  exists. 

We  have  seen  that  there  is  no  evidence  to  show  that  the 
acini  in  direct  communication  with  the  ducts  also  open  into 
the  blood-vessels;  these,  as  elsewhere,  form  a  dose-net-work 
around  the  acini,  but  they  do  not  open  into  the  blind  pouches 
of  the  latter.  Could  the  communicating  channels  traverse  the 
islands  of  Langerhans?  That  these  organs  do  not  possess  such 
channels  or  even  ducts  has  been  shown  by  Dogiel,**  who  studied 
this  question  in  a  well-preserved  human  pancreas  treated  by 
the  chrome-silver  method,  and  in  which  the  gland-ducts,  "even 
in  their  finest  intra-clveolar  branches,  were  well  stained.*'  Yet 
these  stnictures  possess  morphological  characteristics  that  are 
suggestive.  Dogiel,  for  example,  found  that  they  possessed 
relatively  large  capillaries  located  in  the  cellular  trabeculjE. 
All  investigators  seem  to  agree  upon  the  unusual  size  of  those 
vessels.     Kiihne  and  Lea  define  the  islands  as  '^glomerular 
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giructureB  composed  of  diUUed  and  tortaons  capillaries.^'  Opie 
callfl  ihem  ^^yaacular  islets"  which  are  in  ''very  free  commn- 
nicatioa  with  the  smallest  arteries  and  apparently  have  a 
richer  blood-supply  than  other  parts  of  the  lobule."  That 
these  dilated  arteries  are  possessed  of  special  functions  is  sug- 
gested by  the  fact  that,  ^if,  instead  of  a  solution  of  Berlin  blue, 
a  granular  injection  mass — ^for  example,  cinnd)ar  or  ultra- 
marine  blue — ^is  used,  the  islands  may  be  injected,  while  the 
intra-«cinaT  capillaries  contain  little  of  the  injected  material." 
They  appear  to  constitute  alveoli  or  ampullae  rather  than  true 
vascular  channels,  in  which  what  blood  passes  through  them  is 
submitted  to  some  kind  of  process. 

An  interesting  feature  in  this  connection  was  noted  by 
Opie,  viz. :  the  fact  that  the  cells  of  the  islands  of  Langerhans 
are  in  some  instances  continuous  with  the  regular  glandular 
elements  of  the  organ,  in  such  a  manner  as  to  prolong  the 
ducts  of  the  latter  by  encircling  them.  ^^Occasionally,"  says 
the  author,  ^'one  sees,  apparently  within  the  islands,  cells  ar* 
ranged,  as  dn  the  acini,  about  a  central  lumen,  and,  indeed, 
in  many  instances,  it  is  difficult  to  convince  one's  self  that  they 
do  not  form  part  of  it."  This  intimate  relationship  between 
the  two  sets  of  glandular  elements  is  further  emphasized  by 
the  manner  in  which  their  capillaries  are  related.  While  the 
smaller  arteries  or  arterioles  ramify  between  the  lobules  and 
supply  the  net-work  of  capillaries  to  the  acini,  they  also  com- 
municate with  the  tortuous  and  dilated  vessels  of  the  islands 
of  Langerhans;  so  that  the  latter,  as  regards  their  vascular 
relations,  really  constitute  glomerular  expansions  and  offshoots 
of  the  regular  acini's  blood-channels.  We  thus  have  two  sets 
of  superposed  glands  around  a  common  duct,  the  upper,  or 
common  acini,  pouring  their  own  secretion  (or  granules)  into  it 
through  their  microscopical  ducts;  the  lower,  those  of  the 
islands — ^possessed  of  no  ducts  or  other  orifices — presenting 
their  dilated  capillaries  or  alveolar  walls  so  as  to  cause  them 
to  face,  and  perhaps  slightly  project  into  its  lumen.  If  wo 
now  replace  by  an  active  circulation  through  all  these  vessels 
the  cinnabar  or  ultramarine-blue  injections  referred  to  above, 
the  accumulation  of  the  latter  in  the  islands  distinctly  points 
to  a  similar  process  during  life :  i.e.,  accumulation  of  blood  and 
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its  normal  result  (with  narrower  blood-vesselB  at  each  end  of 
the  glomerulus) :    i.e.,  centrifugal  pressure. 

If  we  now  conjoin  Opie^s  remaric — ^'^e  impression  is  pro- 
duced that  the  columns  of  the  island  are  in  continuity  with 
cells  having  an  acinar  arrangement' ' — and  Mall's  observation, 
in  his  study  of  the  microscopical  anatomy  of  the  spleen, — that 
''the  ampuUse  and  venous  plexus  have  very  porous  walls  which 
permit  fluids  to  pass  through  with  great  ease  •  .  /* — it 
seems  probable  that  we  hold  the  key  to  the  situation.  Indeed, 
what  have  we  in  the  dilated  glomerules  of  capillaries  of  the 
islands  of  Langerhans  but  vascular  ampuUse?  Centrifugal 
pressure  under  the  circulatory  conditions  mentioned  can  have 
but  one  result :  i.e.,  filtration  of  the  blood-fluids  through  the  am- 
pyjlar  walls  and  into  the  ducts. 

It  is,  perhaps,  unnecessary  to  point  to  the  fact  that,  be- 
sides being  the  only  functional  mechanism  warranted  by  the 
anatomical  structures  present,  it  also  meets  all  the  require- 
ments of  the  well-founded  experimental  data  adduced.  The 
precision  with  which  it  seems  to  harmonize  the  two  seemingly 
antagonistic  features  of  the  general  function  represented — i.e., 
the  SchifT-Herzen  spleno-pancreatic  process  and  the  Heiden- 
hain  zymogen-oxidation  process — ^is  also  noticeable.  If  it  is  also 
realized  that  all  these  elements  of  the  general  function  now  fall 
sequentially  in  the  normal  order  of  their  physiological  use- 
fulness, it  will  become  apparent  that  I  must  have  reached  a 
solution — that  submitted  below — ^worthy  of  confidence : — 

1.  The  splenic  ferment  secreted  into  the  splenic  vein  is  car* 
ried  to  the  portal  vein  and  by  this  vessel  through  the  liver,  thence 
by  the  hepatic  vein  to  the  inferior  vena  cava,  and  after  passing 
through  the  cardiopulmonary  circuit  is  distributed  throughout 
the  entire  organism, 

2,  The  quantity  of  splenic  ferment  distributed  to  the  pan- 
creas is  proportionate  to  the  amount  of  blood  carried  thereto  by 
the  pancreatic  subdivisions  of  the  splenic  artery,  and  represents 
but  a  fraction  of  thai  supplied  to  the  general  circtdation. 

S,  The  splenic  ferment  distributed  to  the  pancreas  follows 
the  course  of  its  blood-channels,  and  is  distributed  to  the  ceU 
lular  elements  of  the  organ  dissolved  in  the  blood-plasma. 

4,  On  reaching  the  cellular  elements,  the  plasma,  through  its 
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(mdidng  fubsiance  (adrenoxidaae) ,  insures  functional  metab(h 
lism  of  both  glandular  structures  present, — the  lobular  adni  and 
fheir  immanent  structures,  the  islands  of  Langorhansr-^hich 
metabolism,  during  the  passive,  or  inactive,  state  of  the  organ, 
ends  in  the  formation  of  the  secretion  granules. 

S.  Whon  oi  the  end  of  the  fourth  hour  of  general  digestion 
ike  pancreatic  ferments  are  required  in  the  intestinal  canal,  the 
vagus  indies,  sustains,  and  governs  the  functional  activity  of 
both  the  pancreas  and  the  spleen,  and  thus  insures  their  sgn^ 
chronous  action  as  long  as  the  pancreatic  ferments  are  needed. 
.  6.  IntrinsuHierve  (vagal)  dilalion  of  the  arterioles  that 
supply  both  the  pancreatic  lobules  and  the  islands  of  Langerhans 
with  oapQlaries  constitutes,  as  elsewhere,  the  mechanism  through 
which  glandular  activity  is  sustained;  but,  the  islands^  vascular 
ampulUs  possessing  no  muscular  layer,  they  become  the  seat, 
owing  to  their  large  size,  of  sufficient  blood-pressure  to  cause  the 
bloodflasma  and  its  contained  splenic  ferment  and  oxidizing 
substance  (adrenoxidase)  to  filtrate  through  their  walls. 

7.  Some  lobules  are  entirely  composed  of  true  secreting 
cells;  others  contain,  besides,  islands  of  Langerhans.  In  the 
latter  lobules  the  secretion,  therefore,  consists  of  two  different 
bodies:  (he  granules  of  the  true  secreting  cells  and  the  blood- 
plasma  derived  by  filtration  from  the  islands. 

S.  The  true  secreting  cells  and  those  of  the  island  being  in 
continuity  and  surrounding  a  common  lumen  (Opie),  both 
bodies — (1)  the  zymogen,  or  trypsinogen-forming,  granules,  and 
(2)  the  plasma  containing  the  splenic  ferment  and  the  oxidizing 
substance  (adrenoxidase)  meet  in  this  common  lumen,  which 
connects  with  the  terminal  ramifications  of  the  pancreatic  duct. 

This  is  about  as  far  as  we  can  proceed  at  present,  since  we 
can  only  snnnise  that,  as  soon  as  the  products  referred  to  meet 
in  the  glandular  lumen,  the  splenic  ferment  at  once  converts 
the  trypsinogen  granules  into  liquid  trypsin.  Interesting  in 
this  connection,  however,  is  the  fact,  observed  by  Laguesse, 
that  '%Bg  before  the  pancreas  begins  its  fimctions  as  a  digestive 
gland  granules  accumulate  in  the  internal  zones  of  the  cells; 
and  when  these  come  into  contact  with  the  blood  a  portion  of 
them  appears  as  though  dissolved."  As  is  well  known,  this  is 
precisely  what  happens  even  in  true  acini  that  do  not  belong  to 
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lobules  supplied  with  islands.  When  secretory  activity  occarB, 
the  granules  of  the  inner  zone  of  the  cells  simply  disappear  in 
the  central  lumen ;  but  how  and  in  virtue  of  what  agency  they 
are  transformed  into  secretion  at  this  point  has  not  been  de- 
termined. In  the  lobules  supplied  with  islands  of  Langerhans 
the  effused  serum  more  than  satisfies  this  feature,  since  it  sup- 
plies two  agencies  thought  to  be  capable  of  converting  the 
granules  into  trypsin;  but  what  of  the  lobules  deprived  of 
islands?    How  are  their  granules  converted? 

To  answer  these  questions  we  must  first  ascertain  which 
of  the  ferments  credited  to  the  pancreas  can  be  shown  to  orig- 
inate in  tlie  true  acini.  We  have  seen  that,  when  the  hilum 
of  the  spleen  is  ligated  and  no  splenic  ferment  can  find  its  way 
to  the  blood,  the  digestion  of  albumin  ceases.  It  is,  therefore, 
evident  that,  in  accordance  with  Herzen's  view,  the  splenic 
ferment  is  a  sine  qua  non  in  the  process  through  which  tryp- 
sinogen  is  converted  into  trypsin.  But  why  does  the  oxidizing 
substance  not  continue  the  conversion  after  ligation  of  the 
splenic  hilum  ?  There  is  but  one  answer  to  this,  viz. :  Herzen's 
zymogen  and  trypsinogon  are  not  similar  bodies;  while  zymogen 
is  converted  into  some  pancreatic  ferment  by  oxygen,  trypsino- 
gen  is  not,  and  always  requires  the  splenic  ferment. 

To  illustrate  this  fact  we  submit,  in  extenso,  two  of  Gachet 
and  Paclion's  experiments,  performed  to  show  that  it  was  the 
splwn's  fenncnt,  and  not  its  haemoglobin,  that  converted  pro- 
trypsin,  which  thoy  term  "proferment.''  Believing  that  zymo- 
gen, which,  as  shown  by  Heidcnhain,  is  very  greedy  for  oxygen, 
and  "profennont"  are  the  same  bodies,  their  aim  is  to  prove 
tliat,  injcK'ted  in  arterial  blood,  pancreatic  ferments  cannot 
be  converted  into  trypsin  therein.  But,  interpreted  from  our 
standpoint,  —  since  the  blood  contains  oxidizing  substance 
which  zymogen  would  readily  take  up,  —  these  experiments 
prove  that  zymogen  and  their  proferment  (trypsinogen)  differ, 
as  stated. 

"As  the  proferment  of  the  pancreas  becomes  very  easily 
transformed  into  trypsin  under  the  influence  of  oxygen,''  say 
Gachet  and  Pachon,  "it  seems  possible  that  splenic  extracts, 
intensely  colored  by  the  haemoglobin,  should  owe  their  tryp- 
sinogenous  power  to  the  fixed  oxygen  of  haemoglobin  which 
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ihey  hold  in  solution.  If  such  is  the  case,  arterial  bloody  richer 
in  oxygen,  should  render  a  pancreatic  infusion  containing  the 
proferment  more  active  than  yenous  blood.  A.  Herzen  has 
already  studied  this  question  and  antagonized  it  by  means  of 
appropriate  experiments.  On  our  side,  we  have  tried  to  ascer- 
tain, the  value  of  this  opinion  in  the  following  manner  :-^ 

''Experiment  II. — ^The  pancreas  of  a  fasting  dog  was  al- 
lowed to  macerate  two  hours  in  ten  times  its  volume  of  a 
saturated  solution  of  boric  acid.  By  decantation,  200  cubic 
centimeters  of  the  maceration  liquid  were  taken  and  distrib- 
uted among  four  flasks :  A,  B,  C,  and  D. 

'To  A  were  added  20  cubic  centimeters  of  d^brinated 
arterial  blood  (obtained  from  the  fasting  dog). 

^o  B  were  added  20  cubic  centimeters  of  defibrinated 
venous  blood  (obtained  from  the  fasting  dog). 

^0  C  were  added  20  cubic  centimeters  of  congested  spleen 
(aqueous  maceration). 

*To  D  were  added  20  cubic  centimeters  of  distilled  water. 

These  flasks,  in  each  of  which  was  introduced  1  cubic 
centimeter  of  albumin,  were  then  placed  in  the  oven  at  39^  C. 

^At  the  end  of  4  hours  beginning  digestion  was  observed 
in  flask  C;  villosities  appeared  on  the  surface  of  the  cube  of 
albumin,  which  continued  to  be  attacked  in  an  energetic 
manner. 

"A  and  B,  after  remaining  in  the  oven  24  hours,  did  not 
show  very  clear  traces  of  digestion.  Their  cubes  of  albumin 
presented  slightly  less  sharp  projections,  and  their  angles  were 
more  rounded.    The  cube  in  flask  D  was  slightly  attacked. 

"Experiment  111. — ^The  pancreas  of  a  fasting  dog  was 
divided  into  three  parts  and  triturated:  the  first  alone;  the 
second  with  20  cubic  centimeters  of  femoral  arterial  blood; 
the  third  with  20  cubic  centimeters  of  venous  blood,  taken, 
as  was  the  former,  from  a  fasting  dog.  These  were  placed  in 
flasks  A,  B,  and  C,  containing  each  150  cubic  centimeters  of 
boric-acid  solution.  After  remaining  2  hours  in  the  oven  the 
peptonizing  power  of  the  decantation  liquids  was  tried.  Their 
proteol}'tic  action  was  ver}'  slow;  the  first  signs  of  digestion 
had  appeared:  in  A  after  IG  hours  of  oven;  in  B  and  C  after 
20  hours.     Digestion  was  not  further  advanced  in  the  flask 
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containing  arterial  blood  than  it  was  in  that  oontaining  yenona 

blood. 

^It  can  be  seen  that  in  these  two  experiments  arterial 
blood  showed  itself  as  inactive  as  venous  blood.  One  cannot, 
therefore^  ascribe  the  nnquestionable  action  of  the  extract  of 
congested  spleen  npon  the  pancreatic  proferment  to  the  oxy- 
gen of  splenic  tissue.*' 

There  is  one  feature  in  this  connection,  however,  which 
requires  elucidation :  the  influence  that  the  use  of  fasting  dogs 
might  have  had  on  the  experiments.  We  have  seen  that  under 
the^e  conditions  suprarenal  activity  becomes  reduced;  the 
blood  may,  therefort;,  contain  but  a  minimum  of  oxidizing 
substance.  Herzen  performed  an  experiment  which  not  only 
confirms  our  conclusion  that  zymogen  and  trypsinogen  are  not 
identical  bodies,  but  also  shows  that  fasting  does  not  influence 
the  results  just  given.  As  Herzen's  experiment  has  already 
been  reviewed  at  length,  we  will  only  reproduce  its  salient 
points.  The  pancreas  of  a  fasting  dog  (hence  rich  in  tryp- 
sinogen and  other  ferment-forming  agencies)  was  infused  in 
glycerin^  and  this  in  turn  was  mixed  with  eight  samples  of 
blood  (bled  directly  in  double  its  quantity  of  glycerin),  four 
being  taken  from  a  fasting  dog  and  four  from  a  dog  in  full 
digestion  with  its  spleen  greatly  dilated.  The  four  samples 
were  taken  in  both  animals  from  the  femoral  artery,  the 
femoral  vein,  the  splenic  artery,  and  the  splenic  vein.  Fibrin 
was  then  added  to  each  sample.  "After  1  hour  there  was  still 
no  trace  of  digestion  under  the  influence  of  the  femoral  blood, 
arterial  or  venous,  nor  of  the  splenic  arterial  blood  of  the 
fasting  dog;  first  traces  of  digestion  were  beginning  to  mani- 
fest themselves  under  the  influence  of  the  splenic  venous  blood 
of  this  animal.  Digestion  was  rather  advanced  in  the  case  of 
the  femoral  arterial  and  venous  blood  and  splenic  arterial 
blood  of  the  digesting  dog;  the  fibrin  had  almost  entirely  dis- 
appeared under  the  influence  of  the  splenic  venous  blood  of 
the  same  animal/^  This  seems  to  us  to  confirm  not  only  the 
view  held  by  Herzen,  that  the  splenic  ferment  is  the  only 
agency  capable  of  converting  trypsinogen  into  trypsin,  but 
also  that  trypsinogen  does  not,  like  zymogen,  possess  affinity 
for  oxygen. 


tnm  flPLBNO-PANCUATIC  IKTERNAL  SBCRSnOX.  409 

This  may  be  further  demenstnted  by  fhowlng  tiiat  oxygen 
doee  exist  in  the  blood,  and  that  if  we  were  dealing  with 
zymogen  it  would  be  oxidized  therein.  The  oxidation  of  inigar 
converted  from  glycogen,  we  have  seen,  repreciente  the  znajn 
factor  in  the  production  of  fanctional  energy  in  the  7nuif/.'l<« 
and  other  structures.  That  sugar  occurs  in  tlie  )AfftA  nor- 
mally, but  in  small  quantities,  its  combustion  thenrin  d^MrU'l- 
ing  mainly — as  in  toxic  glycosurias — upon  suprarenal  ar-tivity^ 
we  have  also  seen.  The  more  thej?e  organs  pfj^luce  of  th'rir 
secretion,  the  greater  is  the  proportion  of  oxidizing  sul^fd^mo'.' 
in  the  blood,  and  suprarenal  insufficiency  means  a  corre'pfxjrHl- 
ing  increase  of  sugar  in  the  blood  through  imiK;rfc<t  oxidation. 
Hence  the  oxidizing  substance  is  a  sugar-destroying  a;r^rj^'y. 

That  aa  agent  capable  of  consuming  sugar  exL-ts  in  t)je 
blood  was  ascertained  by  Lepine  in  1889,  who  narne^l  it  *'glyr'>- 
lytic  enzyme."  Howell,  referring  to  thif?  nuhstance,  fay?:  "Jt 
has  been  asserted  by  Lepine  and  Barrel  that  there  is  rjoniiJilly 
present  in  the  blood  an  enzyme  capable  of  dcrtroying  su^rar. 
Their  theory  rests  upon  the  undouHed  fact  that  sugar  addrd 
io  blood  outside  the  body  soon  disappears/'  This  obviously  con- 
stitutes another  proof  of  the  existence  of  oxidizing  subHtance 
in  the  blood. 

Howell,  referring  also  to  the  supposed  source  of  I>'pirj''H 
glycolytic  enz}Tne,  says,  referring  to  tlie  pat}jo;.M.'nr'-i-  of  ;rI;»ro- 
suria:  'The  most  plausible  tlieory  sug^re^tod  is  that  tli*j  int<r- 
nal  secretion  produced  contains  a  Ff>ccial  cnzyrno,  ^.'lyrolyti^: 
enzyme,  whose  presence  in  tlie  blood  is  ncre--ary  for  th'j  <ori- 
sumption  of  sugar.  Such  an  enzyme  may  he  ohfnhud  from  tha 
blood,  but  it  is  not  proved  whether  it  is  a  nonnjil  eon-titiuTit 
or  whether  it  is  produced  after  the  blood  is  shed  l^y  thy  ^lin- 
integration  of  some  of  its  corpuscular  element«/'  .  .  .  ^*It 
is  interesting  and  suggestive  to  state,  in  this  connection,  that 
post-mortem  examination  in  cases  of  diabetes  nu*llitii«  in  the 
human  being  has  shown  that  this  disease?  U  ass^K-iati-d  in  some 
instances  with  olivious  alterations  in  tlie  structure  of  i\w  jian- 
creas.**  That  the  glycolytic  enzMne  is,  as  oxiclizinff  substance, 
a  normal  constituent  of  the  blood  is  obvious;  hut  the  inter- 
esting feature  to  determine  now  is  whether,  as  helicved  by 
Ij^pinc,  the  pancreas  is  the  source  of  tlie  fenncnt,  since,  if  it 
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were,  it  would  constitnte  an  additional  factor  in  this  organ's 
physiological  functions. 

To  which  of  the  two  pancreatic  active  stractures  can  we 
hypothetically  ascribe  the  formation  of  the  glycolytic  enzyme? 
Ijaguesse*'^  has  ascribed  this  function  to  the  islands  of  Langer- 
hans.  That  these  structures  underlie  some  physiological  proc- 
ess in  addition  to  that  already  analyzed  by  us  is  undoubted. 
The  fact  that  they  contain  large  nuclei  shows  that  they  are 
physiologically  active.  *The  cells  composing  the  islands  re- 
semble those  of  the  acini/*  says  Opie;  *Hhey  have  a  large, 
round,  occasionally  oval,  vesicular  nucleus  and  a  conspicuous 
cell-bo<ly/'  They  must  produce  some  ferment  or  its  zymogen, 
for  Ssobolew  found  tliat  feeding  animals  on  carbohydrates 
caused  them — i.e.,  their  protoplasm — to  become  granular. 
This  is  indirectly  confinned  by  the  fact  that  these  bodies  are 
often  found  diseased  in  diabetes.  They  had  entirely  disap- 
peared in  two  of  Ssobolew's  cases.  In  a  caae  of  Opie**  hyaline 
metamorphonis  was  strictly  limited  to  the  islands  of  Ijanger- 
lians  the  glandular  acini  remaining  intact.  Flexner*^  refers 
to  this  cause  of  diabetes  as  follows:  **That  it  depends  upon  an 
internal  secret i(m  supplied  by  the  pancreas  to  the  blood  is 
hi^lily  probable.  Whetlier  tliis  hypothetical  secretion  is  the 
product  of  the  cells  of  the  islands  of  liangerhans  is  unproven.** 

The  data  bearinf?  upon  this  source  of  diabetes  are  very 
f(»w, — an  unfortunate  fact,  since  these  particular  structures 
seem  to  us  to  play  the  predominating  role  in  the  production 
of  glycosurias  of  pancreatic  origin,  now  that  we  have  ascer- 
tained that  they  are,  through  their  ampullae,  the  only  thor- 
oughfares for  the  splenic  ferment.  Still,  can  we,  with  Laguesse, 
now  consider  them  as  tlie  source  of  a  glycolytic  ferment?  Were 
we  to  admit  this  possibility,  we  would  find  ourselves  obliged 
to  concede  tliat  the  pancreas  supplies  the  intestinal  tract  with 
a  glycolytic  ferment  besides  an  amylolytic  ferment,  and  we 
would  liavo,  as  a  result,  the  formation  of  maltose  from  food- 
starches  and   its  immediate  destruction  by  the  glycolytic  fer- 


**  Laguosse:    Loc.  cit. 

**0pIg:    Journal  of  Experimental  Medicine,  March  25.  19^1. 

"  Flezner:    Unlyenlty  of  PennBjIyanla  Medical  BuUetln.  Jan.,  1902. 
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lamt,  ihnB  MiTin1HTi|r  the  yery  important  functioiifl  of  sugar  in 
the  economy. 

It  is  plain  that  the  islanda  of  Langerhans  are  not  the 
flomoe  of  a  glycolytic  ferment  Of  coarse.  Professor  Lupine 
haa  never,  that  we  know  of,  sustained  this  view,  his  cont^tion 
being  simply  that  the  normal  pancreas  contains  a  glycolytic 
lennent  which  finds  its  way  into  the  lymph  and  blood,  in  which 
it  controls  the  consumption  of  sugar  by  the  tissues.  And  his 
experimental  evidence,  in  the  light  of  our  views,  shows  this 
to  be  the  case,  since  it  all  goes  to  prove  that  the  oxidizing 
Bubstance  which  enters  the  pancreatic  circulation  is  a  glyco- 
lytic body.  This  does  not  mean  that  it  acts  therein  as  such; 
indeed,  the  organic  cells  at  once  take  up  its  oxygen  for  their 
own  functional  interchanges,  the  blood  returning  to  the  splenic 
veins  as  venous  blood.  But  it  is  nevertheless  obvious  that  L6pine 
should  have  experimentally  found,  as  he  says,  a  glycolytic  fer- 
ment in  the  pancreatic  blood.  All  we  show,  therefore,  is  that 
Lupine's  glycolytic  ferment  is  probably  the  oxidizing  substance. 

But  why  should  disease  of  the  pancreas  under  these  cir- 
cumstances increase  the  proportion  of  sugar  in  the  urine:  a 
feature  which  L6pine  ascribed  to  decrease  of  sugar  destruction 
and  to  the  fact  that  "these  lesions  decrease  the  source  of  the 
glycoljrtic  ferment  in  the  economy^'?  From  our  standpoint, 
of  course,  the  adrenals  are  the  original  source  of  the  oxidizing 
substance:  i.e.,  adrenal  secretion  plus  oxygen.  But  does  this 
account  in  an  equally  satisfactory  manner  for  glycosuria? 
This  introduces  a  very  important  feature  of  the  entire  analysis, 
one,  indeed,  bearing  upon  the  pathogenesis  of  all  forms  of  pan- 
creatic diabetes. 

We  have  previously  referred  to  the  fact  that  disease  of 
the  islands  of  Langerhans  had  been  found  to  he  a  prominent 
causative  factor  of  diabetes  by  various  pathologists,  and  that 
Opie  had  witnessed  a  case  in  which  these  islands  alone  were  dis- 
eased. This  obviously  points  to  the  fact  that,  if  in  accordance 
with  our  view  the  ampuUce  of  the  isfands  are  the  pathways  of 
the  Schiff'Herzen  splenu-  substance  to  the  ducts,  we  are  dealing 
either  with  obstruction  or  impaired  couversiou  of  tr>T>sinogen 
into  trypsin,  or  l)oth  simultaneously.  If,  bearing  this  feature 
in  mind,  we  review  the  list  of  pancreatic  diseases  that  cause 
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glycoBuria^  it  will  become  apparent  that  theae  two  factors 
itnint  for  the  phcuomcna  observed  in  many  cases:  calculi, 
liixmiatosis^  hypertrophy^  tumors^  induration,  and  periglandular 
tM'Ierottis.  Atro])hy, — a  condition  which  in  itself  implies  fmic- 
tional  iinpairnient, — on  tlie  other  hand,  constitutes  the  majors 
ity  of  the  remaining  pathological  processes  encountered  post- 
inortciu  in  this  organ. 

Hut  the  question  which  now  imposes  itself  is  this:  Why 
and  how  dooR  a  condition  that  interferes  with  the  conversion 
of  trY])Hinogen  into  trypsin  or  that  impedes  the  passage  of  the 
latter  to  the  intestinal  foodstuffs  cause  diabetes?  The  answer 
now  Boonis  plain,  viz.:  because  insufficiency  of  trypsin  is  fol- 
hired  by  imperfect  reduction  of  proteids  to  simpler  bodies,  re* 
suiting  in  the  formation,  or  ifiadequate  splitting,  of  toxic  albu- 
rn inoidit.  In  other  words,  impaired  pancreatic  action  of  the  kind 
nientionod  gives  rise  to  toxic  glycosuria. 

Our  interpretation  of  the  general  subject  seems  again  to 
conciliate  antagonistic  views.  Indeed,  while  L6pine*'  has 
aflirnied  that  "the  pancreas  exercised  a  glycolytic  influence,'' 
Chauveau  and  Kaufniann  have  held  the  opposite:  Le.,  that 
"glycoly.sis  is  not  diniinislied  in  diabetes,  and  that  diabetes  is 
exclusively  due  to  an  increase  in  the  production  of  glucose.*' 
We  have  shown  that  the  arterial  blood  of  the  pancreas  does 
contain  a  glycolytic  body, — the  oxidizing  substance, — but  we 
liave  also — by  our  analysis  of  Cartier's  paper  and  other  data — 
demonstrated  that  suprarenal  overactivity  was  the  underlying 
cause  of  toxic  glycosuria :  i.c,,  a  source  of  increased  production 
of  sugar.  To  further  sustain  this  fact,  we  may  recall  that  the 
coal-tar  products,  as  already  stated,  possess  a  marked  tendency 
to  inhibit  the  functions  of  the  adrenals,  sufficiently,  in  some 
instances,  to  produce  blood-disintegration.  Lupine  has  himself 
observed  that  niethjenioglobinuria  could  follow  the  use  of  anti- 
pyrin.  This  remedy  is  now  classed  among  the  most  active 
agents  at  our  disposal  for  the  reduction  of  glycosuria.  A 
remark  of  Professor  Lepine  proves  this  to  be  the  case  in 
another  way.  l?ef erring  to  experiments  conducted  with  the 
collaboration   of  i^orteret,   he   says,   regarding  the   action  of 


lupine:    "Le  Dlabdte/'  Parts,  1899. 
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wUpjriiiy  flMt^  *iB  tiie  ems  in  wfakh  it  exeidaei  an  anti- 
diabetie  actioo,  tliif  ■nlwtmcp  acfo,  not  by  actiTating  tiie  de- 
liracUun  of  sqgw  but  bg  prweniing  iU  fofmatiom.*^  This  is 
diH^  as  ezjdained  in  the  aeocmd  Tolumey  to  ttie  fact  that  anti- 
pjrin  ezcitea  a  center  (the  sympathetic  center,  also  described 
in  tile  second  Tolnme)  whose  purpose  is  to  cause  constriction 
of  ihe  arterioles  after,  as  we  have  seen,  they  have  been  dilated 
bj  a  cranial  nerve.  Antipyrin  thus  produces  general  constric- 
tkn  of  the  arterioles,  and  tiie  blood  admitted  into  the  adrenals, 
pancreas,  and  liver — the  main  organs  involved  in  diabetes — 
being  reduced,  the  ^formation''  of  sugar -is  actually  prevented. 

In  view  of  these  facts,  what  is  the  nature  of  the  product 
tbe  existence  of  which  the  prominent  nuclei  and  the  granules 
observed  in  the  protoplasm  pf  the  islands  indicate?  This  is 
ehuddated  by  two  other  features  just  brought  out,  namely:  (4) 
that  glycosuria  may  be  the  result  of  intoxication  by  toxic 
albuminoid  bodies  incident  upon  an  insufficiency  of  trypsin, 
and  (57  that  disease  limited  to  the  islands,  as  shown  by  Opie, 
can  cause  glycosuria.  It  is  plain  that,  in  the  latter  case,  the 
f  permeability  of  the  ampullse  being  alone  compromised,  the 

pencieatic  lobules  that  contain  no  islands  are  free  as  to  the 
elimination  of  their  secretion  into  the  ducts.  If  they  produce 
tiypsinogen, — ue.,  trypsin, — ^why  are  the  functions  of  the  latter 
iidiibited  or  sbsent  as  indicated  by  the  glycosuria?  The  only 
logical  answer  to  this  question  is  that  the  islands  of  fjangerhans 
MUme  tecreU  irypsinogen. 

This  fset,  when  added  to  others  reviewed,  normally  leads 
to  another  deduction :  i.e,,  that,  in  addition  to  any  other  func- 
tion it  may  poasesSy  the  spleen  and  ihe  islands  of  fjangerhans 
are  fuuciumally  united  in  the  formation  of  a  ferment, — trypsin, 
i$abl€  to  digest  albuminoid  bodies  in  the  blood-stream. 

We  can  lum  readily  understand  why  the  spleen  and  the 

am  so  intimately  ff>nnected   through   their  nervr^ns 

sqiplj.     InAwdf  thu  throws  li$rht  upon  a  phenomenon  whieh 

we  Mfffi*mA  abnotvt   with   difFidenee:    i.e,,   Clande   Bernard's 

lefvefwina  ohrafned  by  puncturing  the  mednlla 
^^Thxt  pathologfeal  conditions  of  the  central  nerv- 
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ouff  eystom  and  perhaps  of  the  sympathetic  and  larger  periph- 
eral nones  may  give  rise  to  glycosuria  and  diabetes  is,  of 
ccjurso,  estahlishe*!,"  says  Flexner.*®  ^^The  number  of  neu- 
n)pathic  comlitions  in  which  one  or  the  other  of  these  has 
l>ei*n  found,  is  now  considerable.  The  one  definite  condition^ 
thr  rffpct  of  which  w  constant,  is  Claude  Bernard's  piqure,  and, 
a:>  iK'Hring  out  the  physiological  relationship  eristing  between 
rcrfain  urilnoirn  sinictures  in  the  floor  of  the  fourth  Tentricle 
and  the  glycog<fn-storc  in  the  liver,  may  be  cited  the  instances 
of  Icpions  (haemorrhages,  softening,  tumors)  in  man  observed 
in  thi»^  situation  with  which  glycosuria  has  been  associated. 
That  cerebral  and  perhaps  spinal  disturbances  other  than  those 
in  the  region  of  the  fourth  vcRtricle  may  be  associated  with  or 
followed  ])y  diabetics  many  clinical  cases  prove.  On  the  other 
hand,  tlioro  is  no  evidence  that  would  show  that  it  is  the  direct 
infliH'ncc  of  the  central  nervous  system  upon  the  carbohydrate 
iiH'taholisin  tliat  produces  hypcrglyca*mia  and  glycosuria.  In- 
deed, the  experiments  in  which  the  splanchnics  were  sectioned 
after  p'mnrc  (Claude  Bernard  and  others)  without  producing 
(fh/rosuria  sliow  the  necessity  of  the  interaction  of  other  or- 
gans.''" 

l?ead  in  the  light  of  all  we  have  said, — ^particularly  the 
allusion  to  the  relationship  between  the  medulla  and  the 
suprarenal  glands  through  the  si)lanchnic, — these  lines,  from 
so  eoiujK'tent  an  observer  as  Flexner,  and  which  confirm  those 
of  ('artier  as  to  the  action  of  section  of  tlie  splanchnic,  seem  to 
us  to  afTord  eoufinuatory  evidence  based  upon  the  most  solid 
Ial)ors  of  tlie  last  lialf-eenturv  and  to  enibodv  Claude  Bernard's 
own  sanction.  IV)  analyze  their  far-reaeliing  meaning  would 
involve  tlie  re])etition  of  what  has  been  said  in  all  this  volume. 
Formulated  as  a  deduction,  the  functional  relationship  between 
the  floor  of  the  fourth  ventricle  and  glycosuria  would  be  as 
follows:  rvnrtvrc  of  the  floor  of  the  fourth  rrntricle  (Claude 
Brrnard)  ravses  glyco.wria  brcaiise  the  increased  blood-supply  in 
the  injured  area  incident  npon  the  local  reparative  process  corre^ 
spondingly  excites  the  normal  structures  around  this  area.    As 


*"  Floxncr:    hoc.  cit. 

*i  AH  Italics  are  our  own. 
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these  structures  include  nerve-fibers  which  govern  the  adrenals, 
these  organs  are  stimulated  and  glycosuria  is  produced  by  their 
secretion. 

What  we  might  term  the  intrinsic  functions  of  the  pan- 
creas have  now  been  analyzed;  the  importance: — also  in  con- 
junction with  the  spleen — of  its  extrinsic  functions  must  now 
be  inquired  into.  Foster  states  that  "a  pancreas  taken  fresh 
from  the  body,  even  during  full  digestion,  contains  but  little 
ready-made  ferment,  though  there  is  present  in  it  a  body  which, 
by  some  kind  of  decomposition,  gives  birth  to  the  ferment*^ 
.  .  .  To  this  body,  this  mother  of  the  ferment,  which  has 
not  at  present  been  satisfactorily  isolated,  but  which  appears  to 
be  a  complex  body,  splitting  up  into  the  ferment,  which,  as 
we  have  seen,  is,  at  all  events,  not  certainly  a  proteid  body, 
and  into  an  undeniably  proteid  body,  the  name  of  zymogen 
has  been  applied.  But  it  is  better  to  reserve  the  term  zjinogen 
as  a  generic  name  for  all  such  bodies  as,  not  being  themselves 
actual  ferments,  may  by  internal  changes  give  rise  to  ferments, 
— for  all  Mothers  of  ferment,*  in  fact, — and  to  give  to  the 
particular  mother  of  the  pancreatic  proteolytic  ferment  the 
name  trypsinogen/*  In  other  words,  and  in  accord  with  pre- 
vailing custom,  each  zymogen  is  named  from  the  ferment  it 
produces:  the  zyinogon  of  trypsin  being  "trypsinogen" ;  that 
of  pepsin,  "pepsino<rcn,"  etc.  It  is  ihorefore  peniiissihle  to 
use  the  term  "amylopsinogen"  as  the  main  product  of  the  true 
lobular  acini  to  differentiate  it  from  try})sinogen,  the  product 
of  the  islands  of  I^in<rer]ianp,  re^:erving  the  term  zymogen  as 
a  generic  term  for  all  pancreatic  ferments.  As  "zymogen" 
under  these  conditions,  it  ])reserves  characteristics  attril)uted 
to  it  by  Ileidenliain  :  it  is  so]ui)le  in  water,  in  which  it  is  split. 
after  exposure  to  tlie  air,  into  trypsin,  etc.  (Charles).  The 
conversion  of  trypsinocren  into  tryf)sin  has  been  ascril)ed  to 
oxygen;  but  if  rny  views  are  sound  and  the  former  is  the 
normal  product  of  tlie  islands,  t^ie  jmrtion  distributed  throurrh 
the  pancreatic  duct-  is  intimately  combined  with  tlie  splenic 
ferment  in  the  amf)ull;e  a^  fast  as  form<*d.  so  that  it  can  never 
be  obtained  as  tryfisinoo-cn.  ir«-nce,  oxvL't-n  will  split  zymogen 
into  trA'psin,  etc.:   hut  try[»sin  is  not  oxidized  tryj)sinogen. 

**Tbe  itaUcs  are  the  author's. 
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We  hare  followed  the  oonne  of  the  blood  from  fiie  qdcDie 
Tein  and  back  again  to  the  splenic  arteiy  which  nqpplieB 
branches  to  the  pancreas^  and  we  hare  seen  that  on  its  way 
through  the  latter  the  arterial  blood  annendera  ita  oxygen  to 
the  cells  and  its  splenic  aubatance  to  the  ialanda.  The  domi- 
nant feature  of  the  extrinsic  fnnctiona  of  the  pancreaa  ia  its 
power  to  destroy  albuminoid  toxic  bodies,  and  it  ia  erident 
that  the  splenic  ferment,  the  mission  of  which  ia  merely  to 
unite  with  trypsinogen  to  form  trypein,  cannot  do  thia  alone. 
It  is  trypsim  that  constitutes  the  antitoxic  body,  and  it  ia  the 
pancreas,  therefore,  that  supplies  it  to  the  organiam.  How 
iloes  it  penetrate  the  general  blood-stream? 

Now  tliat  we  have  ascertained  that  the  islands  of  Langer* 
lians  are  the  seat  of  manufacture,  as  it  were,  of  at  least  a  part 
of  this  antitoxic  agency,  and  that  it  collects  (combined)  in  the 
ampiillse,  the  manner  in  which  the  general  circulation  becomes 
supplied  with  it  is  clear:  i.e.,  the  quantity  that  permeates 
throuirh  the  ampullar  walls  is  but  a  portion  of  their  contents, 
anil  the  rest  is  swept  away  with  the  blood  and  reaches  the 
s])k>nic  vein  through  the  pancreatic  veins.  But  this  does  not 
mean  that  tr}'psinogen  may  not  be  carried  alone  in  the  same 
manner  to  the  splenic  vein  and  therein  combiae  with  the 
s})lenic  ferment  to  form  tripsin.  In  fact,  this  must  constitute 
the  prevailing  process,  if  the  anatomical  distribution  of  the 
islands  of  Langerhans,  as  observed  by  Opie,  can  serve  as  guide. 

As  we  have  seen,  Opie  found  that  the  islands  of  Langer-' 
bans  were  over  three  times  as  numerous  in  the  splenic  end 
of  the  pancreas  as  elsewhere,  and  that  the  part  of  the  organ 
not  in  communication  with  the  splenic  vein — i.e.,  the  extremity 
of  the  descending  arm — contained  none.  Moreover,  each  lob- 
ule in  the  splenic  end  of  the  organ  was  found  to  contain  an 
island :  a  very  suggestive  fact.  The  tip  of  the  pancreas,  which 
is  almost  in  contact  with  the  spleen,  thus  marks  the  storting- 
point  of  the  islands;  so  that  tr}'psinogen  begins  to  enter  the 
splenic  vein  almost  at  the  hilum.  Pancreas  and  splenic  vein 
being  connected  by  several  short  venous  radicles  at  about 
regular  intervals,  the  blood  in  the  vein  must  become  literally 
saturated  with  tn^psinogen,  and  its  blood  be  replete  with  tryp- 
sin when  it  reaches  the  portal  vein,  during  the  active  stege  of 
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intestino-portal  digestion.  We  have  seen  in  Herzen's  experi- 
ment how  rapidly  albumin  was  digested  with  blood  obtained 
from  the  splenic  vein  during  this  stage. 

That  the  amylolytic  ferment  derived  from  Heidenhain's 
zymogen  is  also  carried  to  the  splenic  vein  is  probable.  I  have 
shown  that  it  was  through  the  effects  of  this  ferment  that 
the  liver  glycogen  was  converted  into  sugar^  and  that  the  im- 
portance of  the  latter,  when  distributed  to  the  muscles  and 
other  structures  in  which  it  is  consumed,  was  very  great  That 
the  conversion  of  glycogen  into  sugar  is  a  continuous  process 
and  that  it  is  independent  of  digestion  are  recognized  facts, — 
and  necessarily  so,  since  the  activity  of  the  functions  that 
entail  the  use  of  glycogen  may  at  any  moment  be  increased, 
the  tissues  requiring  replenishment  to  a  correspondingly  great 
degree  at  the  expense  of  the  liver  reserve.  How  could  this 
predominating  function  be  carried  on  in  the  perfect  manner  that 
it  is,  were  it  connected  with,  or  did  it  depend  upon,  any  digestive 
process?  Again,  if  present  views  prevailed  and  the  amylolytic 
ferment  were  to  only  reach  the  liver  after  being  secreted  in 
the  duodenum  by  the  pancreas,  then  absorbed  by  the  venules 
of  the  villi,  how  could  we  account  for  the  conversion  of  gly- 
cogen between  the  periods  of  active  digestion  ?  That  the  intes- 
tinal tract  is  not  the  channel  traversed  by  the  portion  of  pan- 
creatic amylopsin  devolved  to  the  conversion  of  glycogen  into 
sugar  is  also  suggested  by  familiar  experiments. 

We  have  seen  that  the  insertion  of  a  piece  of  pancreas 
into  the  tissues  of  an  animal  showing  marked  glycosuria,  after 
removal  of  the  pancreas,  will  cause  it  to  disappear.  This  ap- 
parently constitutes  a  direct  contradiction  of  all  the  foregoing 
statements;  but  such  is  not  the  case  in  reality.  Minkowski*' 
confirmed  the  fact,  observed  by  other  investigators,  that  gly- 
cogen quickly  disappears  after  removal  of  the  pancreas.  This 
indicates  two  important  features:  i,e,,  that  glycogen  is  no 
longer  formed  after  removal  of  the  pancreas,  and  that  some 
other  agency  converts  it  into  sugar.  Why  removal  of  the  pan- 
creas should  prevent  the  formation  of  glycogen  may  probably 
be  accounted  for  by  the  fact  that  the  absence  of  trypsin  causes 


^  Minkowski :    Berliner  kiln.  WochenBchrift,  No.  6,  1892. 
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the  digestion  of  albnmiiiB  in  the  dnodennm  to  oetBe,  tB  AamJL 
in  the  SchifF-llerzcn  experimentfl.  That  the  ooavenixm  ot 
food-starches  into  maltose  is  also,  owing  to  the  abaeaioe  of 
amylopsin,  arrested,  is  evident  The  only  sobstitate  for  this 
ferment  available  is  ptyalin;  but  thon^^  the  salivary  secsretioii 
— at  least,  its  ptyalin — ^is  quantitatively  increased  after  removal 
of  the  pancreas,  it  is  inadequate  to  convert  all  the  starch 
required  to  compensate  for  the  glycogen  used.  The  glycogen, 
gradually  converted  by  what  ptyalin  is  swallowed  with  the 
saliva  between  meals,  therefore  disappears.  The  fact  that 
ptyalin  converts  starch  partly  into  dextrose  greatly  hastens 
the  disappearance  of  the  glycogen,  the  primary  sugar  of  wludi 
is  mainly  maltose.  It  would  seem,  therefore,  that  the  glycosuria 
following  extirpation  of  the  pancreas  is  due  to  the  action  of 
ptyalin  ttpon  food-starches. 

That  the  salivary  secretion  is  gradually  increased  after 
rtMiiovnl  of  the  ])ancreas  is  sustained  by  experimental  evidence. 
Aldehotr**  observed  that  glycosuria  only  appeared  from  24  to 
4S  hours  after  the  operation  in  turtles;  in  frogs  it  only  ap- 
IH^mnl  after  four  or  five  days,  "slight  at  first,  becoming  more 
intense  later  on."  ^linkowski**  found  that  it  sets  in  after  two 
or  three  days  in  do<x8,  under  the  same  conditions.  Again,  dur-' 
injx  its  passatre  tln*ou<rh  the  stomach  ptyalin  acquires  increased 
ener»;y  as  a  ferment.  Charles*®  refers  to  this  question  as  fol- 
lt»\vs:  *Uliittenden  and  Griswold  find  that  the  presence  of  acid, 
as  hydnxhlorie  aeid,  to  the  amount  of  0.005  per  cent,  decidedly 
increases  the  diastatie  action,  while  an  increase  beyond  this 
diminislies  it^  t\ie  action  stopping  with  solutions  of  acid  from 
0.1  to  O.l  per  eeni.:  tlie  diastatie  action  of  the  saliva  would, 
therefon\  appear  soon  to  cease  in  tlie  stomach,  but  the  peptones 
in  that  or^'an  exen-ise  a  dwided  influence  on  salivary  digestion, 
stimulating  the  ferment  to  inrrcased  action,  particularly  in 
pri'senee  of  aeid,  which  by  itself  may  completely  prevent  the 
conversion  of  starch  into  sujyar."  lifering  found  that  starch 
acted  on  hv  saliva  vielded  dextrin  and  maltose  at  first,  then 
after  aon\e  tin\e  grape-sugar. 


«« Aldi>hoir:    Eeltichrlft  fdr  Diologle.  Munich,  Bd.  xxyiii,  p.  2^  1892. 
«*Miukowikl:    Loc.  HI. 
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Yet,  glycosuria  so  produced  may,  we  have  seen,  be  pre- 
vented by  grafting  a  fragment  of  pancreas  under  the  skin. 
Minkowski*^  grafted  such  fragments  in  the  dog,  cat,  and  pig, 
removed  from  the  pancreas  of  these  animals.  When  the  graft 
had  become  adherent  and  fimctionally  active,  he  removed  the 
rest  of  the  pancreas.  No  glycosuria  appeared  until  the  grafted 
portion  itself  had  been  removed.  Besides  indicating  that 
ptyalin  glycosuria  prevails  after  resection  of  the  pancreas,  the 
fact  that  grafts  can  preserve  normal  fimctions  clearly  shows 
that  the  intestinal  canal  is  not  the  only  region  wherein  split- 
ting of  carbohydrates  and  proteids  may  occur.  Each  graft 
evidently  received  its  blood  through  newly-formed  vessels. 
This  blood  doubtless  contained  splenic  ferment,  since,  as  pre- 
viously stated,  the  greater  portion  of  this  ferment  really  enters 
the  general  circulation  via  the  liver,  and  ultimately  reaches 
the  portal  circulation,  probably  by  the  hepatic  artery,  in  the 
experimental  animals.  Such  being  the  case,  it  is  evident  that 
the  splenic  vein  can,  besides  the  intestinal  villi,  serve  as  a  channel 
for  the  transmission  of  the  pancreatic  and  splenic  ferments  to 
the  liver. 

Here,  again,  however,  we  are  brought  to  realize  that  the 
splenic  ferment  is  not  merely  a  local  agency,  but  one  which 
during  spleno-pancreatic  activity  forms  part  of  the  entire 
blood-stream.  I  have  given  striking  evidence  of  this  in 
Ilerzen's  experiment  with  blood  taken  from  various  arteries 
and  veins.  We  saw  that  blood  taken  from  the  femoral  vessels 
(arterial  and  venous)  of  a  dog  in  full  splenic  digestion  proved 
active  in  digesting  albumin,  and  that  the  blood  of  the  splenic 
vein  was  exceedingly  active.  Indeed,  the  blood  which  is  so 
active  in  the  pancreas  originates  from  the  celiac  axis,  lungs, 
heart,  etc., — i,e,,  from  the  general  circulation, — and  only  con- 
tains the  proportion  of  splenic  ferment  which  the  entire  blood- 
stream contains.  But  a  question  suggests  itself  here:  If,  by 
the  combination  of  trypsinogen  and  the  splenic  femient,  iryj)- 
sin  is  formed,  is  it  not  trypsin-laden  blood  that  re-enters  the 
pancreas?  Trypsin  would  re-enter  this  organ  were  the  relative 
proportions  of  the  two  bodies  not  regulated  by  the  vagus.     As 


«Y  Minkowski:    hoc.  cii. 
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we  find  Uiat  a  slight  excess  of  splenic  fennent  wiU  serve  the 
physiological  process  in  the  pancreas, — ^to  supply  the  intestinal 
canal, — if  we  grant  the  vagus  even  one-tenth  of  the  truly 
wonderful  prerogatives  it  seems  to  possess,  we  can  readily  as- 
sume thnt«  by  regulating  the  quantities  of  either  ferment  al- 
lo^vil  to  enter  the  blood-stream,  it  provides  just  the  excess  of 
s|)K'nio  ferment  in  the  pancreas  to  insure  perfect  function 
ihiriiig  the  digestive  process:  all  features  which  indicate  that 
trypsin  w  a  constituent  of  the  entire  blood^siream  when  albu- 
minoiils  are  undrnjoing  digestion  in  the  alitnentary  channels. 

The  far-roaohing  meaning  of  all  this  is  suggested  in  the 
followintr  dtHlmtions: — 

7.  The  rlrnvagr  processes  to  which  trypsin  submits  (dbumins 
in  (he  intestinal  canal  include  the  preliminary  steps  of  a  pro^ 
(ertivc  function. 

J.  The  splenO'pancreatic  internal  secretion  is  represented 
hif  the  trypsin  which  reaches  the  portal  vein  by  way  of  the 
splenic  vein,  and  which  continues  in  the  blood-stream  the  cleav^ 
age  processes  begun  in  the  intestinal  canai, 

S,  The  main  function  of  the  spleno-pancreatic  secretion, 
trypsin,  in  the  hlood-^tream  is  to  protect  the  organism  from  the 
effects  of  the  toxic  derivatives  of  albuminoid  bodies  of  endoge- 
nous or  exogenous  origin^  including  toxins. 

Since  the  fir^st  and  third  conclusions  were  submitted  by 
myself  in  tlie  first  edition  of  the  present  work  (1903),  they  have 
nreived  independent  eoniirmation  in  many  particulars  through 
llie  researclies  (heinm  in  IJH)."))  oji  Abderhalden,**  who  concluded 
tliat  "eaeli  sej)arate  cell,  wiili  very  lew  exceptions,  disposes  of 
tlie  same  or  similar  ferments  as  those  secreted  by  tlie  digestive 
.irlands  in  the  intestinal  canal."  lie  termed  **defensive  ferments/* 
moreover,  agents  of  this  class  which  have  for  their  purpose  "to 
I) ring  the  so-called  reactions  of  immunity  into  close  line  with 
processes  that  are  normal  and  consequently  familiar  to  the  cells." 

«  Abderhalden:    "Defensive  Ferments,"  third  edition,  1914. 


CHAPTER  IX. 

THE  ADRENAL  SYSTEM  IN  THE  FUNCTIONS  OF 

THE  HEART  AND  LUNGS. 

Reference  has  repeatedly  been  made  to  the  functional 
connection  between  the  secretion  of  the  adrenals  and  the  heart. 
Is  this  connection  direct  or  is  it  indirect?  In  other  words,  is  it 
the  result  of  a  direct  stimulation  of  the  heart-muscle  such  as  is 
produced  by  suprarenal  extract,  or  of  the  stimulating  effect 
to  which  the  increase  of  oxidizing  processes,  including  those 
of  the  cardiac  cerebro-spinal  centers,  give  rise?  Analysis  of 
this  question  tends  to  shpw  that  both  processes  prevail  simul- 
taneously when  from  any  cause  the  adrenals  become  over- 
active. 

THE  ADRENAL  SECRETION  AS  THE  SOURCE  OF  THE  FUNC- 
TIONAL ACTIVITY  OF  THE  RIGHT  HEART. 

As  freshly-oxidized  blood  is  constantly  being  supplied  to 
both  sides  of  the  heart,  the  specific  action  of  digitalis  upon 
the  right  heart  to  which  I  have  referred  cannot  be  ascribed 
to  the  oxidizing  substance.  Again,  it  would  seem  that  the 
suprarenal  secretion  itself  could  hardly  be  credited  with  a 
local  stimulating  action  upon  the  cardiac  walls  when  the  thick- 
ness of  the  myocardium  is  recalled,  unless  the  latter  be  pro- 
vided with  channels  calculated  to  insure  the  penetration  of 
the  secretion  to  its  de£'[>er  tissues.  Not  only  do  such  chan- 
nels exist,  however,  but  they  are  so  disposed  as  to  enable  the 
adrenal  active  principle  to  permeate  the  entire  myocardium 
and  be  equally  di.-trihute<l  among  the  contractile  elemffnts. 
The  channels  to  which  I  ascribe  such  important  functions  have 
been  known  a5  the  "foramina  of  Thel>esiu«.'* 

These  canals  are  derK-ri''.<.'d  in  Graves  "Anatomv"  sa  fol- 
lows:  'The  forajXiina  Thf4/f-^:i  are  numerous  minute  apertures, 
the  mouths  of  -rr.a!  v<r;r:s  '  vf>n.'f:  r-ardi-  minima;),  which  open 
on  various  part-  '^■f  :  -•-  irirK-r  -Mrfa/^f  of  tlie  anricK*.  Th^v 
return  the  b!«»]  direc:!''  from    the  r.'jur/ular  hub-^tance  of  l}»»i 
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heart  Some  of  these  foramhiA  axe  miinile  JcpwiflM  in  ^ 
walls  of  the  heart,  presenting  a  doaed  aitmnHy,**  TUa  in- 
formation would  afford  bat  little  li^^  oonld  we  nofc  aiipple- 
ment  it  with  an  excellent  paper  by  F.  BL  Fntl»*  m  vlddi  the 
nutrition  of  the  heart  through  the  rmmSk  ot  Thabeaiiia  and 
the  coronary  Yeins  is  studied.  How  mndi  wa  aie  indebted  to 
the  author  for  his  inyestigationa  ia  aoggaated  bj  the  foDoiring 
remarks :  ''So  far  as  I  have  been  able  to  detmrmm^  no  experi- 
mental physiological  work  has  erer  before  been  done  on  tiie 
vessels  of  Thebesius;  all  opinion  regarding  flieir  functional 
importance  has  rested  upon  the  asaumption  fliat  tiiej  enly 
serve  as  veins,  conveying  a  part  of  the  veooua  blood  from  ike 
coronary  capillaries  throuj^  the  fononina  Thebeaii  into  the 
cavities  of  the  heart'' 

After  referring  to  the  labors  of  Thebeaiua  (1708),  Yieufr* 
sens  (1757),  Haller  (1786),  and  Abemethy  (1798),  the  author 
reviews  the  more  modem  investigationa  of  Bodidalel^'  whidh 
UhI  to  the  conclusion  '^hat  the  greater  number  of  the  small 
opouinga  on  the  inner  surface  of  the  right  as  well  as  the  left 
nurii'lo,  which  from  early  times  have  borne  the  name  of 
foramina  Thebesii,  represent  the  mouths  of  little  veina  that, 
often  uniting  into  larger  vessels,  course  with  many  brandies 
through  the  auricular  waHls*'  Langer's  researches*  on  thie 
fonnniim  of  tlic  human  heart  are  next  analyzed.  *  '^ith  the 
aid  of  the  blow-pipo,  and  by  means  of  a  watery  injection-mass 
i*oloitul  with  Korlin  blue^  he  demonstrated  these  foramina  ta 
(i//  the  ravUivit  of  the  heart.  He  succeeded  in  injecting  the 
MtHHoln  i\t  'I'hoUoHius  not  only  from  the  coronary  vessels,  but- 
tviww  tho  tmlonmlial  surfaces  as  well.  Bochdalek's  observa- 
tiiuiH  rof^nnlinf^  the  presence  in  both  auricles  of  foramina 
*rhohoHli  wort)  tlms  conflrmod,  and  the  fact  of  a  communication 
l»ot\\iM»n  Ilio  iM>ronarv  vessels  and  each  of  the  four  cavities  of 
(ho  luHirt  wan  thorott^hly  established.  The  foramina  which 
liaitftor  found  on  tho  endocardial  surfaces  of  both  ventricles 
\\\^\v  nimllar  to  tlumo  in  the  auricles,  but  much  smaller.    They 


*tn\\:    Amt^iicnn  Journal  of  Physiology,  yol.  1,  p.  86.  1898. 


^  \\\  \\n\\\^»  Mri>  our  own. 

*  r    \\.  PmH:    Ann»rtrftn 

*  ftitfttilnlrk:    An^hlv  fUr  Anat  u.  Phyi.  u.  wtsa.  Med..  Leipslg.  p.  314.  1868. 

*  liAimi^r:    HltilK  dor  k.  Akmd.  dcr  WiMenich.  gu  WIen,  1880;  Bd.  Ixzzil,  S 
AMh.i  |i.  H% 
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were  mort  ocnuipiciuraB  cm  the  papillary  musdee  and  in  the 
neighborhood  of  fhe  groat  vessels,  being  lees  easily  seen  in  the 
Teffxm.  of  fhe  apex^  where  they  were  obecnred  by  the  trabecular 
nefc-woik.^ 

Very  saggestiTe  m  connection  with  my  own  views  are  also 
the  dbecarvationa  of  Gad*  on  the  yessels  of  Thebesins  in  the 
01^  and  to  which  Pratt  refers  in  the  following  words :  'In  the 
method  which  he  describes  for  demonstrating  the  action  of  the 
Talres  of  fhe  Uft  heart,  wherein  water  nnder  pressure  is  made 
to  fill  fhe  yentride  and  aorta,  he  noticed  that  water  flowed 
into  the  right  heart  from  the  foramina  Thebesii.  On  illaminat- 
ing  the  interior  of  the  left  ventricle  he  was  enabled  to  see  fine, 
bloodnrtained  streams  issuing  from  the  endocardial  wall  into 
the  dear  water  with  which  the  cavity  was  filled/'  Finally  he 
reviews  the  labors  of  Magrath  and  Kennedy,*  who,  forking 
with  artificial  circulations  of  defibrinated  blood  on  the  isolated 
heart  of  the  cat,  observed  that  a  small  portion  of  the  coronary 
blood  found  its  way  into  the  left  ventride.  The  only  possible 
source  of  access  other  than  from  the  vessels  of  Thebesius  was 
leakage  past  the  aortic  valves.  This  leakage,  as  9hown  by  a 
manometer-record  of  aortic  pressure,  did  not  occur/'  The 
author  doses  his  review  of  the  literature  of  the  subject  with 
the  statement  that  'Notwithstanding  these  painstaking  ob- 
servations, the  vessels  of  Thebesius  still  occupy  a  very  obscure 
position  in  anatomical  literature.  Foramina  Thebesii  are  re- 
ferred to  as  constant  in  the  right  auricle,  forming  in  part  the 
mouths  of  small  veins.  Their  occurrence  in  the  left  auricle  is 
occasionally  mentioned.  But  the  fact  that  the  vessels  of  Thebe- 
sius open  into  all  the  chambers  of  the  heart — ^ventricles  as  well 
as  auricles — is  hardly  recognized/*^ 

In  the  author's  own  experiments,  various«agents  were  in- 
jected at  a  constant  pressure,  through  the  coronaries  of  fresh, 
often  still  living,  hearts  of  the  rabbit  and  dog.  They  showed 
that  liquids  in  these  vessels  penetrate  into  the  heart  cavities 
through  the  endocardial  foramina,  thus  verifying  the  foregoing 


•Oad:    ArchlT  far  Pbysiologie,  p.  380,  1886. 

^Macrath  and  Kennedy:     Journal  of  Experimental  Medicine,  vol.   11,  p.  13. 
UV7. 

'All  Italics  are  our  own. 
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data.  Aa  the  cannula  waa  tied  directly  into  the  artery,  the 
liquid  could  only  reach  the  cavities  through  the  foramina,  while 
in  all  experiments  care  was  taken  to  avoid  high  pressures.  In 
the  heart  of  the  ox  the  endocardial  depressions  were  found 
'^regularly  larger  in  the  auricles  than  in  the  ventricles,*'  while 
in  the  right  auricle  "they  may/*  he  states,  *1)e  provided  with 
thin,  single  valves,  especially  about  the  origin  of  the  great  veins.** 
In  the  left  auricle  the  depressions  are  fewer  in  number  and 
unprovided  with  valves.  ''Foramina  Thebesii  are  never  absent 
from  the  ventricles/*  says  Dr.  Pratt.  "In  the  right  ventricle, 
which  is  especially  well  provided  with  them,  the  larger  number 
are  seen  upon  the  septal  wall.  It  is  often  much  more  difficult 
to  find  them  in  the  left  ventricle,  although  a  diligent  search  is 
never  without  a  reward"  .  .  .  "structures,  accessory  to 
these  ventricular  foramina,  which  might  in  any  way  serve  the 
office  of  valves  I  have  not  seen.**  .  .  .  "On  the  injection 
of  the  vessels  of  Thebesius  with  air  by  means  of  the  blow-pipe 
applied  to  the  foramina,  characteristic,  fine,  subendocardial 
ramifications,  which  very  frequently  conduct  the  air  into  other 
Thebesian  systems,  or  even  into  the  great  coronary  veins  will 
seldom  fail  to  appear."  The  latter  point  is  also  sustained  by 
experimental  evidence. 

The  fact  that  the  right  side  of  the  heart  is  endowed  with 
a  more  perfect  system  of  canalization  than  the  left  is  suggested 
by  the  following  remarks:  *The  ease  with  which  injections 
of  air  and  blood  could  be  made  to  demonstrate  the  connection 
between  the  vessels  of  Thebesius  and  the  coronary  veins  caused 
me  to  doubt  the  opinion  expressed  by  Langer  that  the  foramina 
Thebesii  in  the  ventricles  communicate  with  the  veins  by  capil' 
laries  alone.  To  settle  this  point,  I  injected  the  coronary  veins 
of  the  ox  with  starch  and  celloidin  masses,  both  too  thick  to 
pass  tlie  capillaries,  and  found  that  even  these  emerged  from 
the  foramina  Thebesii  of  the  right  ventricle.  So  intimate  a 
connection,  however,  between  the  coronary  veins  and  the  ves- 
sels entering  the  left  ventricle  I  have  not  yet  been  able  to  demon* 
straie"  The  author  also  says:  "By  means  of  a  very  successful 
corrosion  preparation,  made  by  injecting  the  veins  of  an  ox- 
heart  with  celloidin,  I  was  able  to  trace  the  communication. 
In   this   preparation   the  position   of   some   of  the   foramina 
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TlidMBii  was  marked  by  Bmall  diaks  of  the  hardened  mass 
fcMrmed  by  the  oosing  out  of  the  oelloidin'  upon  the  endocar- 
dinm.  llieae  foramina  were  shown  to  b^  connected  with  the 
smaller  coronary  veins  by  fine  branches.  The  still  finer  rami- 
fications which,  as  Langer  has  demonstrated,  lead  from  the 
foramina  and  branch  directly  into  capillaries  were  here  unin- 
jdcted;  they  would  appear  only  when  injected  from  the  fora- 
mina themselves.'' 

The  only  connection  between  the  vessels  of  Thebesius  and 
the  coronary  arteries  that  he  could  find,  notwithstanding  re- 
peated attempts,  was  by  capillaries.  Bochdalek  having  ob- 
served that  the  foramina  of  one  auricle  communicated  with 
those  of  the  other,  he  was  able  by  blow-pipe  injection  to  verify 
the  correctness  of  this  view,  the  air  of  one  auricle  having  passed 
oat  through  a  similar  exit  into  the  other. 

To  sustain  his  view  that  the  nutrition  of  the  heart  may 
be  carried  through  the  vessels  of  Thebesius  some  time  after 
tHe  coronary  arteries  are  absolutely  obliterated,  a  number  of 
experiments  are  related.  Thus,  fluid  introduced  into  the  ven- 
tricle of  an  isolated  heart,  by  means  of  a  cannula  passed  down 
to  thia  cavity,  and  tightly  held  in  situ  by  a  ligature  passed 
around  the  auriculo-ventricular  groove,  only  found  its'  way 
through  the  vessels  of  Thebesius.  Defibrinated  blood,  inserted 
into  the  organ  through  this  cannula,  brought  on,  often  within 
one  minute,  "strongly  marked,  co-ordinated  contraction  of  the 
ventricle.*'  As  the  blood  thus  introduced  would  become  venous, 
the  action  would  become  gradually  reduced,  but  renewal  of 
the  blood  would  at  once  cause  the  heart  to  resume  its  normal 
action.  'TVith  a  periodic  supply  of  blood,"  says  the  author, 
"and  with  favorable  temperature  and  moisture  this  may  con- 
tinue several  hours/'  That  mere  mechanical  stimulation  by 
distension  did  not  cause  the  phenomena  witnessed  is  demon- 
strated by  the  alternate  use  of  Ringer's  solution  and  defibrin- 
ated blood.  While  the  solution  failed  to  sustain  contractions, 
blood  always  succeeded. 

Another  experiment  served  to  demonstrate  that  a  true 
circulation  could  take  place  between  the  vessels  of  Thebesius 
and  the  coronary  veins.  The  organ  being  disposed  as  stated 
above,  two  of  the  coronary  veins  were  incised;  "a  small,  but 
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Hteadv,  stream  of  venous  blood  issued  from  them/'  Under  the 
same  coiiditinns  the  descending  branch  of  the  left  coronary 
artery  was  ojiened.  ''No  flow  of  blood  occurred  from  the  artery, 
ulthougli  there  was  a  free  escape  from  an  incision  in  an  ac- 
companying vein."  In  still  another  experiment  the  trunks  of 
hoth  loronary  arteries  were  ligated  and  the  ligature  around 
the  vontrieles  omitted.  *'The  supply-cannula  was  tied  into  the 
ventriile  thn)iigli  tlie  oarta.  On  the  introduction  of  blood 
tlie  k'ft  veiitrii-Ie  alone  began  to  beat  strongly  and  regularly 
.  .  .  tlie  blood  found  its  way  in  part  into  the  right  ven- 
triile,  coining  of  necessity  through  the  walls.  .  •  ."  The 
hUxid  frnm  the  left  ventricle  had  thus  found  its  way  into  the 
right  one.  Finally,  he  refers  to  the  striking  analogy  which 
this  nutritional  systi»m  prt^sents  to  that  of  the  frog  and  cat. 
In  the  frog  the  lieart  is  almost  entirely  nourished  "through 
the  branching  passages  tliat  carry  the  blood  from  the  interior 
of  the  heart  nearly  to  the  pericardial  surface.^* 

On  the  strength  of  all  this  evidence,  Dr.  Pratt  concludes 
(giving  only  llie  features  tliat  hear  directly  upon  the  question 
we  are  analyzing)  tliat:  '*1.  Tlie  vessels  of  Thebesius  open 
from  the  ventricles  and  auricles  into  a  svstem  of  fine  branches 
lliat  coinniiinicatc  witli  the  coronary  arteries  and  veins  by 
means  of  ca]>illjirit'S,  and  with  the  veins — but  not  with  the 
arteries — by  passages  of  somewhat  larger  size.  2.  These  vessels 
are  eapahle  of  bringing  from  the  ventricular  cavities  to  the 
henrt-niusole  snlficient  nutriment  to  maintain  long-continued, 
rliytliniie  contractions.  ',).  The  heart  may  also  be  effectively 
nourished  by  means  of  a  flow  of  blood  from  the  auricle  back 
into  the  coronary  sinus  and  veins."'  The  author  concludes 
with  the  very  aj)proj)riate  remark:  ^*It  is  evident  that  the  nu- 
trition tlirongh  the  vessels  of  Thebesius  and  the  coronary  veins 
must  .modify  in  no  slight  degree  the  existing  views  of  the 
nutrition  of  the  mammalian  heart,  and  of  the  manner  in  which 
infarction  of  the  heart  takes  place."  The  clinical  features  of 
this  question  will  be  considered  elsewhere. 

A'iewed  from  my  standpoint,  the  vessels  of  Thehesws  are 
more  concerned  with  the  di/naniics  of  the  heart  than  with  the 
nutrition  T)f  this  organ,  though  the  latter  function  is  not  to  be 
ignored,  particularly  in  the  sense  emphasized  by  Pratt:     i.6.. 
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«8  a  BOinoe  of  oompeiisation.  That  nutrition  of  the  left  hearty 
anride  and  Yentride,  constantly  filled  with  arterial  blood,  can 
rendt  from  a  flow  of  the  latter  through  the  Thebesian  vessele 
seenia  dear,  bnt  nntrition  can  hardly  be  associated  with  a 
similar  process  in  the  right  heart,  with  nothing  but  venous 
blood  to  propel  through  the  Thebesian  channels.  That  nu- 
trition, the  recognized  prerogative  of  arterial  blood,  owing  to 
its  oxygen,  cannot  be  the  active  factor  here  is  evident 

The  right  heart  seems,  judging  from  the  anatomical  ar- 
rangement of  the  parts  concerned  in  the  process,  to  play  a 
physiological  function  of  a  special  kind.  While  the  Thebesian 
openings  are  larger  in  the  auricles  than  in  the  ventricles,  in 
the  left  auricle  they  are  also  fewer  than  in  the  right ;  but  even 
more  suggestive  is  the  fact  that,  while  some  openings  in  the 
right  auride  are  supplied  with  valves,  none  have  been  found 
in  those  of  the  left.  Again,  both  ventricles  are  supplied  with 
foramina;  the  right  ventricle  is  particularly  well  provided  with 
them,  while  they  are  diflScult  to  find  in  the  left  one.  That  the 
septal  wall  should  show  them  most  clearly  on  the  right  side  is 
also  suggestive.  Evidently  a  similar  condition  exists  between 
the  auricles,  as  suggested  by  Bochdalek  and  confirmed  by 
Pratt;  but  the  fact  that  limited  information  supplied  by  works 
on  anatomy  usually  covers  only  those  of  the  right  auricle 
points  to  greater  prominence  of  the  latter.  Thus,  Gray'* 
states  that  the  venae  Thebesii  open  ^'on  the  inner  surface  of 
the  right  auricle.^'  Finally,  the  openings  supplied  with  valves 
are  in  the  right  auricle,  as  we  have  seen;  but  they  are  also 
stated  to  be  most  consfpicuous  in  the  neighborhood  of  the 
great  vessels;  hence  it  must  only  be  the  Thebesian  openings 
around  the  great  vessels  of  the  right  auricle — the  venae  cavae 
and  the  pulmonary  artery — that  are  provided  with  valves. 

If  we  can  now  ascertain  whether  the  current  which  enters 
the  Thebesian  vessels  from  the  right  auricle  is  shut  out  in  this 
location,  or  secured  within  the  channels,  according  to  the  man- 
ner in  which  the  valves  close, — i.c,  inwardly  or  outwardly, — 
we  will  be  able  to  decide  whether  venous  blood  from  the  venae 


*Orm7:    "Aoatomj;"  edition,  1901,  p.  622. 
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cavse  or  arterial  blood  from  the  lungs  circulates  in  the  Thebe- 
sian system. 

Bochdalek  found  that  many  of  these  openings  in  the 
auricles  ^'presented  the  appearance  of  blind  depressions^  since 
they  were  often  covered  with  single  valves  in  such  a  way  as 
to  resist  investigation  with  the  blow-pipe'^  .  .  •  "some 
were  slit-like,  resembling  the  mouths  of  the  ureters;  still 
others  were  large,  round  depressions,  with  smaller  openings  at 
the  bottom."  The  first  •  remark  suggests  that  the  openings 
serve  as  exits  into  the  auricle,  while  the  second  points  to  the 
contrary,  since  it  is  difficult  to  conceive  of  a  depression  with 
"openings  at  the  bottom"  as  a  valve  calculated  to  resist  liquids 
exerting  pressure  on  the  concave  side.  From  the  left  auricle 
Gad  caused  water  to  pass  out  of  the  right  and  left  ventricular 
walls,  but,  as  the  auricular  openings  have  no  valves,  this  only 
serves  to  emphasize  the  extensive  canalization  which  the 
Thebesian  system  represents.  The  system  might,  therefore, 
be  considered  as  essentially  calculated  to  distribute  venous 
blood  from  the  right  auricle  to  the  entire  heart:  a  fact  which 
the  free  anastomosis  with  the  venous  channels  would  seem  to 
sustain. 

Pratt  states  that  he  has  seen  "structures  accessory  to 
these  ventricular  foramina  which  might  in  any  way  serve  the 
office  of  valves"  .  .  .  "the  edge  of  the  foramen  is  usually 
sharply  defined  and  may  frequently  exist  as  a  partial,  shelf » 
like,  coverinir,  giving  the  impression  perhaps  of  an  attempt  at 
a  mom])ranous  valve;  but  it  is  seldom  more  than  this."  A 
shelf  means  a  projection,  and  the  fact  that  it  is  membranous 
suggests  tliat  during  ventricular  contraction  this  valve  is  pressed 
against  the  opening  and  closes  it:  a  feature  which  involves 
the  possibility  that  during  diastole  a  current — whether  venous 
or  arterial — flows  into  the  ventricle  through  its  foramina. 
That  the  latter  and  their  valves  open  inwardly — i.e.,  in  the 
ventricle — is  demonstrated  by  Pratt's  experiment,  in  which  he 
injected  the  coronary  veins  with  starch  and  celloidin  and  found 
that  even  these  passed  into  the  ventricle.  If,  therefore,  the 
venous  blood  of  the  right  heart  at  all  enters  the  muscular 
walls  it  is  not  through  the  foramina  of  the  ventricle,  i.e.,  from 
below;  it  must  be  through  the  openings  above,  i.e,,  those  in 
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the  ng^  aniide^  The  experiment  in  vUch  fhe  cannnla,  was 
tied  in  the  pnlmonaiy  arteiTy  fhe  blood  being  ^alhmed  to 
enter  the  right  anrick  thiongh  insufficiency  of  the  tricaspid," 
appeaiB  to  hb  to  farther  sustain  this  fact  The  heart  continued 
"its  rhythmic  contractions  for  eight  honrs:  a  period  consid- 
erably in  excess  of  that  observed  in  nutrition  throu^  the 
Tcasds  of  Thebesius  alone.  It  vas  inferred  that  blood  had 
gained  access  from  the  auricle  to  the  coronary  veins  and  had 
thus  aided  materially  in  the  nutrition.''  While  this  course 
may  have  been  taken  by  some  of  the  blood  in  the  experiment, 
it  is  obviously  not  a  normal  one  during  life,  and  the  unusual 
duration  of  the  contractions  seems  to  us  to  indicate  that  the 
blood  that  penetrated  into  the  right  auricle  found  its  way  into 
the  Thebesian  system  via  the  openings  in  this  auricle,  thus 
approximating  as  nearly  as  possible  normal  conditions. 

The  relations  between  the  coronary  veins  and  the  Thebe- 
sian  channels  are  self-evident,  excepting,  however,  a  theoretical 
bacE-flow  from  the  auricles  into  the  veins  suggested  by  Pratt, 
which  appears  to  us  abnormal;  at  least  it  is  not  compatible 
with  3ur  views  of  the  process.  The  Thebesian  vessels  and 
coronary  veins  were  found  to  communicate  freely  on  the  right 
side,  but  not  on  the  left,  with  the  ventricular  foramina.  The 
septal  foramina  were  also  found  to  communicate  with  the 
coronary  vein  at  the  end  of  the  sinus.  An  interesting  feature 
is  the  fact  that  blood  passed  into  the  right  ventricle  flowed 
freely  from  a  cut  vein  of  the  left  heart  (experiment  qf  April  3, 
1897).  On  the  otlier  hand,  the  relations  between  the  coronary 
arteries  and  the  Thebesian  vessels  are  of  a  peculiar  kind;  thus 
the  communication  between  the  left  coronary  artery  and  the 
right  ventricle  seems  as  free  as  that  between  the  same  artery 
and  the  left  ventricle  (through  the  Thebesian  channel)  is  lim- 
ited. The  experiment  in  which  a  colored  solution  was  passed 
into  the  left  coronan'  arterv'  caused  an  accumulation  of  400 
cubic  centimeters  to  flow  from  the  right  ventricle,  while  only 
4  cubic  centimeters  flowed  from  the  left,  sufficiently  empha- 
sizes this  fact.  Ilaller,  who  had  observed  that  injected  sub- 
stances flowed  out  freely  from  the  surfaces  of  both  ventricles, 
states  that  "the  passajro  from  the  arteries  into  the  cavities  of 
the  left  side  is  more  difficult." 
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All  these  features  seem  fully  to  supply  the  needs  of  the 
function  with  which  the  secretion  of  the  suprarenal  glands 
must  be  connected,  if  the  phenomena  witnessed  in  many  dis- 
orders and  after  the  use  of  most  remedies  have  been  correctly 
interpreted.  That  we  are  in  the  presence  of  a  dual  process 
of  which  the  suprarenal  secretion,  operating  in  the  right  heart, 
and  the  arterialized  blood  in  the  left  heart  are  active  factors 
seems  probable.  Again,  the  marked  power  of  arterial  blood 
— or  ratlier  of  plasma — since  the  defibrinatcd  blood  filtered 
through  cotton  was  used — ^to  sustain  functional  activity,  even 
when  only  poured  into  the  ventricles,  as  shown  by  Pratt,  cer- 
tainly indicates  that  the  b1f>od  must  alone  be  able,  during 
life,  to  compensate,  in  case  of  need,  for  insufficiency  of  blood 
furnished  by  the  coronary  arteries. 

The  contractions  of  the  left  heart  seem  to  me  to  be  greatly 
assisted  by  the  arterial '  blood  that  enters  it,  and  mainly  by 
tliat  which  enters  the  cavities  themselves.  The  experiments 
of  Pratt  having  sliown  that  contraction  could  be  produced  by 
contact  with  arterialized  blood,  the  arrival  into  the  auricle  of 
a  normal  quantity  of  this  fluid  must  be  fully  capable,  there- 
fore, of  causing  contraction  of  the  walls  of  that  cavity.  The 
relations  of  the  sc^voral  structures  and  the  mechanism  involved 
are  in  all  j)rol)abnity  as  follows :  The  main  structures  upon  which 
tlio  arterial  blood  reacts  arc  (1)  the  musculi  pectinati  and  (2) 
the  sinus  venosus  and  appendix  auricula?,  all  of  which  are  so 
dispo>*e(l  as  to  offer  as  much  surface  as  possible  to  the  blood. 
The  walls  of  the  cavities  mentioned  are  provided  with  numer- 
ous channels,  the  Thebesian  "veins,"  to  satisfy  this  purpose. 
The  blood  which  enters  the  auricle  when  it  is  dilated  pene- 
trates all  the  circuitous  areas  around  the  musculi  pectinati  and 
into  the  Thebesian  vessels,  and  the  ensuing  contraction  forces 
the  blood-plasma  into  the  smaller  subdivisions  of  these  vessels, 
from  which  thev  find  their  wav  into  the  auricular  veins.  When 
the  arterial  blood  reaches  the  ventricle,  a  process  similar  to  the 
preceding  occurs.  The  cohimnoe  cameaj  are  disposed  so  as  to 
ottv.T  considerable  surface  to  the  blood,  wliile  the  ventricular 
walls  are  permeated  with  Thebesian  channels,  into  which  the 
blood  penetrates  during  diastole.  The  contraction  iTiduced 
closes  the  apertures  of  these  channels,  and  forces  the  blood- 
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plasma  into  their  smaller  ramifications  and  finally  into  the 
veins.  The  larger  channels  carry  the  corpuscular  elements  to 
the  latter.  The  role  of  the  coronary  arteries  will  be  referred 
to  later  on. 

The  right  heart,  as  I  view  the  process,  owes  its  functional 
activity  mainly  to  the  suprarenal  secretion  brought  to  the 
cavities  by  the  vena  cava.  I  have  suflBciently  emphasized 
the  power  of  this  agent  to  restore  cardiac  action  and  sustain 
it  even,  when  the  entire  spinal  cord  has  been  obliterated.  The 
manner  in  which  it  exercises  its  powers  is  similar  to  that  of 
the  arterial  blood  on  the  left  side.  On  penetrating  the  auricle 
the  contractile  structures  are  submitted  to  its  immediate  ef- 
fects; but  the  orifices  of  the  Thebesian  vessels  or  channels  are 
more  numerous  and  l^ger  than  in  the  left  auricle.  The  mem- 
branous edges  previously  referred  to  as  valves  by  the  investi- 
gators quoted  do  not  appear  to  me  to  merit  being  considered 
as  such  after  careful  examination  of  these  structures  in  the 
ox-heart.  The  aperture  being  closed  by  the  least  squeezing  of 
the  tissues  containing  them,  it  seems  evident  that  they  should 
as  readily  close  under  the  powerful  contraction  of  the  auric- 
ular tissues.  The  right  ventricle  also  presents  a  very  much 
larger  number  of  Thebesian  orifices  than  the  left,  while  its 
walls,  though  thinner,  plainly  show  the  ramifications  of  these 
channels.  That  the  venous  blood  charged  with  suprarenal  se- 
cretion should  at  once  penetrate  the  latter  when  the  ventricle 
begins  to  contract  is  self-evident.  Return  of  the  blood  to  the 
circulation  is  effected  in  the  same  way  as  in  the  case  of  the 
left  heart :    i,e.,  through  the  coronary  veins. 

The  whole  process  is  an  exceedingly  uncomplicated  one, 
but,  as  we  shall  see  later  on,  it  simplifies  many  obscure  prob- 
lems, while  affording,  in  connection  with  the  coronary  arterial 
blood,  a  supply  in  keeping  with  the  vital  importance  of  the 
organ  itself.  Again,  Dr.  Pratt's  experiment,  in  which  blood 
injected  into  the  left  auricle  flowed  freely  from  the  right  ven- 
tricle, emphasized  the  possibility  of  compensation  in  case  of 
need.  Thus,  while  under  normal  conditions,  the  pressure  in 
both  ventrirloR  must  be  equal,  reduced  contraction — of  the 
right  ventricle,  for  example — through  insufficiency  of  tlie  ad- 
renals would  automatically  cause  the  arrival  into  it,  through 
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the  Thebesian  foramina  of  the  septum,  of  at  least  some  arterial 
blood.  That  this  does  not  always  suffice  to  maintain  inter- 
ventricular equilibrium,  however,  is  illustrated  by  the  dicrotic 
pulse,  the  pulsus  paradoxus,  and  kindred  phenomena. 

Suggestive  in  this  connection  are  the  remarks  of  Professor 
Porter  in  his  review  of  the  subject  of  cardiac  innervation  in 
the  "American  Text-book  of  Physiology***:  "A  positive  dem- 
onstration that  the  nerve-cells  in  the  heart  are  not  essential 
to  its  contractions,"  says  this  observer,  "is  secured  by  remov- 
ing the  tip  of  the  ventricle  of  the  dog*s  heart  and  supplying 
it  with  warm  defibrinated  blood  through  a  cannula  tied  into 
its  nutrient  artery.  Long-continued,  rhythmical,  spontaneous 
contractions  are  thus  obtained  (Porter'*).  As  the  part  removed 
contains  no  nerve-cells,  the  observed  contractions  can  only 
arise  in  the  muscular  tissue,  provided  we  make  the  (at  present) 
safe  assumption  that  the  nerve-fibers  do  not  originate  im- 
pulses capable  of  inducing  rhythmic  muscular  contractions.*- 
In  other  words, — and  this  may  be  said  to  apply  to  all  muscular 
elements  including  those  of  the  muscular  coats  of  the  stomach 
and  intestines, — the  cardiac  muscle  is  endowed  with  the  in- 
herent power  to  contract,  even  small  detached  pieces,  when 
j)laced  in  appropriate  media  being  capable  of  doing  so.  In  the 
body,  indeed,  this  contractile  power  is  merely,  so  to  say,  kept 
active,  and  Porter  remarks — almost  prophetically  in  the  light 
(.f  our  views:  "The  demonstration  that  the  nerve-cells  are  not 
essential  to  contraction  places  us  one  step  nearer  the  true  cause 
of  contraction.  It  is  some  agency  acting  on  the  contractile  sub- 
sfanre.^^  Evidence  is  accumulating  that  this  agent  is  a  chem- 
ical suhstance,  or  substances,  brought  to  the  contractile  matter 
by  (he  blond.'* 

That  the  "chemical  substance  brought  to  tlie  contractile 
matter  by  the  blood"  is  represented  by  the  adrenal  secretion 
and  the  oxidizing  substance  seems  clear.  Brown-Sequard  over 
fifty  years  ago  urged  that  the  inferior  vena  cava  contained 
some  undetermined  substance  which  contributed  to  the  hearths 
dynamism. 


•  Porter:    "American  Text-book  of  PhyBlology."  second  edition.  1900. 
10  Porter:    Journal  of  Experimental  Medicine,  vol.  ii,  p.  391,  1S97. 
^  All  italics  are  our  own. 
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THEAOTHMT  OP  THE  ABBENALSBCKEIION  AND  THE  OXIDIZINO 
SDB8TANCE  UFQN  THE  CARDIAC  MUSCLE. 

The  histiology  of  the  myoGaidium  still  offers  a  broad  field 
for  ooQJectiire,  notwithstandiiig  the  many  investigations  to 
vhich  it  has  been  submitted  by  modem  observers.  The  known 
fscts  are  briefly  these:  Its  tissue  is  composed,  in  man,  of 
shorty  round  fasciculi,  or  bundles,  of  striated  fibers,  possessed 
of  thick  lateral  projections.  The  latter  directly  connecting 
with  a  similar  projection  of  the  adjoining  bundles  and  being 
cemented  to  it,  a  thick  close-meshed  net-work  is  formed:  a 
characteristic  of  the  heart-muscle.  But  it  differs  from  other 
muscles  in  several  other  particulars;  its  fibers  are  one-third 
smaller  and  their  striae  are  much  more  faint;  they  possess  no 
earoolemma  and  are,  therefore,  exposed  to  the  immediate  action 
of  any  fluid  that  may  surround  them.  The  manner  in  which 
the  contractile  structures  are  combined  in  bundles  is  also 
peculiar:  each  bundle  is  made  up  of  central  prismatic  fasciculi 
of  round  fibers,  in  which  nuclei  (one  or  two)  with  their  sur- 
rounding protoplasmic  area  are  imbedded,  the  whole  being 
surrounded  with  flat  or  ribbon-like  columns  of  muscle-fibers. 
The  perinuclear  protoplasm  referred  to  generally  contains  fat- 
droplets  and  minute  pigmenUgranules  which  resemble  haemo- 
globin, and  sends  projections  between  the  surrounding  mus- 
cular fibers  so  that  each  of  the  latter  is  connected  with  and 
is  only  separated  from  its  neighbor  by  a  layer  of  protoplasm. 
This  arrangement  does  not  in  any  way  modify  the  manner  in 
which  the  sarcous  elements  are  disposed,  while  the  disks,  clear 
spaces,  etc.,  are  precisely  as  they  are  elsewhere  in  the  organ- 
ism. These  muscular  "primary'^  bundles  form,  by  their  union 
with  one  or  two  of  their  neighbors,  columns,  or  chains— or 
"secondary^^  bundles,  which  are  covered,  as  shown  by  Ranvier, 
with  a  sheath  of  loose  connective-tissue  cells,  which  cells,  in 
turn,  connect  with  one  another  by  numerous  projections,  or 
extensions.  The  primary  fasciculi  also  contain  connective- 
tissue  sheaths  which  invest  the  muscle-fibers  and  are  likewise 
supplied  with  connective-tissue  cells.  All  this  forms  a  close, 
though  permeable,  net-work,  which  makes  it  possible  for  a 
liquid  to  penetrate  the  muscular  columns  or  chains  and  come 
into  direct  contact  with  the  bare,  or  exposed,  muscle-fiber. 
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Indeed,  the  intimate  structure  of  the  myocardium  pre- 
cisely supplies  the  re(|uired  structure  for  the  equable  and  free 
distribution  of  such  an  agency  as  the  suprarenal  secretion  rep- 
resents. Fluids  can  penetrate  through  the  maze  of  cellular 
tissue  to  the  bare  muscular  fibers;  the  sheaths  that  include 
the  columns  or  chains  of  muscular  bundles  afford  a  peculiar 
system  of  canalization  through  which  the  liquids  can  easily 
gain  access  to  them.  These  canals — ^the  lacunae  of  Henle — 
are  the  intervals  between  the  columns  of  secondary  bundles,  or 
thoir  sheaths,  ratlior,  which  are  placed  in  longitudinal  apposi- 
tion. Schwoitrger-Seidel  and  Ranvier  having  observed  that 
interstitial  injections  of  colored  substances  penetrated  the 
lymphatic  vessels,  the  lacuna?  have  been  considered  as  adjuncts, 
or  extensions,  of  the  latter. 

Renaut,^^  however,  concluded  that  the  penetration  of  the 
colored  fluids  into  tlie  lymphatics  merely  demonstrated  the 
weak  resistance  of  the  endothelial  coat  of  the  latter,  and  the 
spaces,  or  lacuna?,  of  Ilenle  being  unprovided  with  endothelial 
walls,  there  was  no  ground  for  the  prevailing  belief  that  they 
represented  lymphatic  vessels.  He  found  that  all  the  lym- 
pliatic  capillaries  of  the  myocardium  are  located  on  the  surface 
of  the  heart  underneath  the  pericardium.  They  are  large  and 
bossolated  and  fonn  a  mesh-work  which  covers  the  whole  car- 
diac surface,  and  send  smaller  blind  pouches  into  the  muscular 
interstices.  The  sj)aces  of  Ilenle  should  be  considered,  he 
thinks,  ^•not  as  true  lymphatic  cavities  analogous  to  those  ob- 
served around  the  pulmonary  lobules  of  certain  animals,  but 
as  mere  connective-tissue  spaces,  which  represent,  in  fact,' 
pathways  for  lympli."  In  a  foot-note  Berdal  states  that  the 
spaces  of  Ifenle  are  crossed  by  "vessels,"  and  in  the  text  the 
following  remark  as  to  the  identity  of  this  lymph  appears: 
*The  muscular  fibers  of  the  heart  are  tlius  bathed  in  con- 
nective-tissue spaces  in  which  l}Tnph  easily  circulates;  but 
this  lymph  is  not  that  of  the  hinphatic  vessels  or  capillaries, 
but  that  of  loose  connective-tissue  spaces  (Renaut)."  It  is 
needless  to  state  tliat  this  suggests  the  presence  of  blood- 
plasma.    Still,  we  can  only  consider  this  deduction  as  tentative. 


"Renaut:    Traits  d'HistoIogie  pratique,  p.  719;    quoted  by  Berdal,  loc.  cit, 
p.  825. 


THB  ADRBNAL  8BGRBTI0N  AND  THE  HEART.  435 

The  manner  in  which  the  blood-plasma,  whether  venous 
or  arterial,  is  distributed  by  the  "Thebesian  channels  is  well 
shown  in  a  study  of  the  vessels  of  the  heart  by  Arthur  V. 
Meigs."  The  extreme  paucity  of  literature  on  the  Thebesian 
channels  has  caused  them  to  be  overlooked  by  practically  all 
histologists;  that  they  should  be  treated  as  capillaries  in  the 
author's  paper  is,  therefore,  as  normal  as  it  is  for  text-books 
to  do  so.  "The  capillaries  of  the  human  heart/'  says  Dr. 
Meigs,  "differ  in  two  ways  from  those  of  other  parts  of  the 
body:  they  penetrate  the  muscular  fibers,  and  some  of  them 
are  larger  than  those  found  elsewhere,  and  of  different  ar- 
rangement. .  .  .  The  accompanying  illustrations  are  draw- 
ings which  were  made  with  the  camera  lucida.  They  are  from 
sections  of  two  human  hearts.  The  first  is  from  the  heart  of 
a  negro  woman,  40  years  old,  who  died  of  burns.  Some  pieces 
of  the  organ  were  presented  in  Fleming's  solution,  and  others 
in  70-per-cent.  alcohol,  and  they  were  stained  in  bulk  with 
borax-carmine  and  imbedded  in  paraffin.  The  second  heart  is 
that  of  a  man,  30  years  old,  who  died  of  lead  encephalopathy. 
When  the  post-mortem  examination  was  made,  the  heart  being 
still  quite  fresh,  there  was  injected  through  each  of  the  two 
coronary  arteries  as  much  as  the  blood-vessels  would  easily 
receive  of  a  solution  of  3  grammes  of  Berlin  blue  (OriiblorV) 
in  600  cubic  centimeters  of  water.  Pieces  of  the  organ  of 
suitable  size  were  at  once  placed  in  preservative  fluid,  some  in 
70-per-ceTit.  alcohol,  and  others  in  formaldehyde  solution.  The 
tissue  was  aften^ard  stained  in  bulk  with  borax-carmine  and 
imbedded  in  paraffin. 

"The  penetration  of  the  muscular  fibers  by  the  capillaries 
is  made  perfectly  clear  by  the  illustrations;  it  is  shown  as  well 
by  the  injected  as  by  the  uninjected  heart.  The  two  methods 
of  demonstration  supplement  one  another,  because,  in  injected 
tissue  which  has  been  stained,  the  blood-vessels  and  their  situa- 
tion are  made  ver\'  obvious  by  the  contrast  of  color,  but  the 
details  of  the  structure  of  the  walls  are  obscured  by  the  injec- 
tion material,  while,  on  the  other  hand,  in  the  uninjected  tissue, 
the  stnicture  of  the  blood-vessels  can  be  seen  with  the  utmost 
distinctness.     In  Figs.  1  to  4  the  capillaries  are  easily  recog- 

^  Arthur  V.  Meigs:    Journal  of  Anatomy  and  Physiology,  Jan.,  1899. 
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nized.  Their  situations  in  relation  to  the  muscular  fibers  are 
very  varied.  Some  are  in  the  intermuscular  fibers,  others 
slightly  indent  the  sides  of  the  fibers;  still  others  are  within 
the  fibers  close  to  their  peripheries,  and  sometimes  the  capil- 
laries are  in  the  very  centers  of  the  fibers.  This  penetration  of 
the  muscular  fibers  of  the  human  heart  in  the  adult  is  a  most 

DESCRIPTION  OF  DB.  MEI08*8  PLATE. 

The  amplification  has  been  reduced  about  one-third  in  the  reproduc- 
tion herein  presented. 

"Fig.  1.— X  420.  From  a  man,  90  years  old,  who  died  of  lead  encephalop- 
athy. A  Bection  of  paplUary  muscle  of  the  heart  cut  across  the  fibers,  hb  are 
Injected  capillaries,  the  one  partially  and  the  other  enUrely  within  the  muscular 
fibers,    c,  A  capillary  which  remains  unlnjected;    Its  nucleus  is  Included. 

*'Fig.  2.— X  420.  From  the  same  tissue  as  Fig.  1.  «,  A  Teln  stained  by 
the  injection  material,  bb.  Capillaries  whose  precise  situation  cannot  be  defined. 
They  cannot  be  said  to  be  intermuscular  spaces,  nor  to  be  entirely  within  fibers. 
The  effect  is  as  if  the  fibers  were  coalescing. 

*'Fig.  3.— X  420.  From  the  same  tissue  as  Fig.  1.  /.  A  capillary  in  a 
fiber.  Q»  A  capillary  in  the  center  of  a  very  small  fiber.  This  is  perhaps  the 
most  convincing  instance  of  the  penetration  of  a  muscular  fiber  by  a  capillary. 

"Fig.  4.— X  420.  A  section  of  heart  cut  transversely  to  the  muscular  fibers, 
from  a  negro  woman,  40  years  old,  who  died  of  burns.  The  muscular  fibers  are 
of  irregular  shape,  d,  A  capillary  within  a  muscular  fiber,  its  nucleus  upon  one 
side  producing  a  resemblance  to  a  seal  ring,  e,  A  capillary  within  a  muscular 
fiber,  f,  A  capillary  in  an  intermuscular  space;  its  nucleus  being  included,  it 
resembles  a  seal  ring,  g,  A  capillary  in  an  intermuscular  space;  its  endothelial 
wall  appears  as  a  simple  circle. 

"Fig.  5.— X  116.  From  the  same  tissue  as  Fig.  4.  A  large  capillary. 
rocolvlng  many  branches  and  surrounded  by  muscular  tissue.  The  capillary  and 
its  branches  are  almost  filled  with  blood-corpuscles.  The  capillary  walls  are  dis- 
tinctly visible,  containing  many  fiattened  endothelial  nuclei. 

"Fig.  6.— X  42.  From  the  same  tissue  as  Fig.  1.  Not  printed  in  two 
colors,  because  the  essentials  show  equally  well  in  black,  m.  Muscular  tissue. 
a.  An  arteriole;  the  solid  black  within  its  caliber  is  injection  material,  r.  The 
accompanying  vein  to  the  arteriole,  a;  It  also  contained  a  little  of  the  injection 
material;  these  two  vessels  are  in  a  connective-tissue  interspace,  c,  A  large 
capillary;  it  contains  a  good  deal  of  the  blue  injection  material,  which  is  rep- 
resented by  the  heavily-shaded  iK>rtions.  These  three  vessels — arteriole,  vein, 
and  capillary— give  a  good  Idea  of  the  character  of  such  vessels  in  the  heart. 
The  great  size  of  the  capillary  is  the  most  striking  feature." 

striking  and  curious  phenomenon,  and  it  does  not  exist  at  an 
early  embryological  stage.  The  condition  is,  therefore,  one  of 
later  development,  but  it  is  not  f  et  known  at  how  early  an  age 

it  does  exist 

*^^ery  large  capillaries  are  found  in  the  human  heart,  and 
such  vessels  are  shown  by  Figs.  5  and  6.  It  is  not  common  to 
find  minute  veins  in  company  with  the  arterioles  in  the  deepest 
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portions  of  ike  muscular  substance  of  the  hearty  although  it  is 
well  known  that^  upon  the  surface  and  in  the  connective-tissue 
interstices^  arteries  are  found  with  their  yense  comites,  just  as 
they  are  in  other  organs  and  tissues.  The  arrangement  of  the 
vessels  upon  the  surface  and  in  the  interstices  is  in  marked 
contrast  with  that  found  in  the  muscular  substance  proper. 
Here,  when  an  arteriole  is  accompanied  by  an  efferent  vessel^ 
this  vessel  is  single  coated  and  composed  of  endothelium,  being 
exactly  like  the  smallest  capillaries^  except  in  size.  These  pecul- 
iar large  capillaries  are  found  not  only  in  company  with  arteri- 
oles, and,  therefore,  when  carrying  on  the  function  usually 
performed  by  veins,  but  also  alone.  When  they  are  alone,  it 
is  impossible  to  be  certain  whether  their  function  was  afferent 
or  efferent.  It  may  well  be  that  arterioles  are  less  numerous 
in  the  heart  than  in  other  tissues,  and  that  their  place  is  taken 
by  the  large  capillaries.  These  capillaries  are  so  numerous  and 
of  such  size  that  it  seems  likely  they  perform  the  function  of 
reservoirs.  The  presence  of  the  large  capillaries  and  the  pene- 
tration of  the  muscular  fibers  by  the  capillaries  indicate  a  pro- 
vision for  the  blood-supply  of  the  heart  even  more  bountiful 
than  that  of  the  other  organs.'' 

That  these  vessels  are  the  Thebesian  channels  is  evident; 
their  mode  of  distribution  and  the  peculiar  endings  of  their 
subdivisions  is  particularly  well  shown  in  Fig.  6,  while  the 
outpouring  of  plasma  for  absorption  by  the  muscle-elements  is 
suggested  by  Pig.  5. 

The  fact  that  the  distribution  of  the  Thebesian  channels 
is  analogous  to  that  observed  in  the  heart  of  the  frog  has,  we 
have  seen,  been  noted  by  Pratt.  This  had  also  been  noticed 
by  Lannelongue,  but  this  autlior  considered  the  channels  of  the 
human  myocardium  as  vestiges  of  the  batrachian  system.  Ber- 
dal,  who  alludes  to  the  latter,  states  that  in  the  frog  and  in  the 
batrachian  urodcJa  there  arc  no  ordinary  blood-vessels.  **The 
muscular  fasciculi  intercept  cavernous  spaces  into  which  the  blood 
penetrates  directly  and  from  which  they  are  only  separated 
by  endothelium.  The  frog's  heart  is  thus  a  true  sponge  the  stru4> 
iures  of  which,  formed  of  muscular  fibers,  nourish  themselves 
by  imbibition.  In  niammalp,  on  the  contrary,  the  myocardium 
contains  distinct  vessels.     The  capillaries  form  a  net-work  the 
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meshes  of  which^  elongated  and  parallel  to  the  mnacolar  fasdc- 
\\\\,  arc  connected  by  short  branches,  which  give  each  mesh  the 
ap])earance  of  a  parallelogram.  When  these  vessels  cross  the 
spaces  of  Henle,  they  are  covered,  on  the  external  surface,  with 
flat  connective-tissue  plates/'  Pratt's  observation  not  only  in- 
chules  tlie  analogy  between  the  human  lung  and  that  of  the 
fro^,  but  aliro  with  that  of  the  cat,  a  mammal.  Under  these 
conditions,  it  becomes  clear  that  in  man,  also,  the  hearUmuscle 
may  he  regarded  as  a  sponge-like  structure,  the  contractile  ele- 
ments  of  which  are  nourished  and  supplied  with  working  energy 
by  substances  in  the  blood-plasma. 

What  is  the  role  of  the  blood  of  the  coronary  arteries  in 
the  functions  of  the  heart?  This  may  perhaps  be  traced  by 
analyzing  the  effects  of  ligation  of  these  arteries  upon  these 
funetii^ns.  Porter^*  refers  as  follows  to  the  experimental  work 
in  this  connection:  "The  frequency  of  arrest  after  ligation  is 
in  proportion  to  the  size  of  the  artery  ligated,  and  hence  to  the 
size  of  the  area  made  an^eniic,  and  is  not  in  proportion  to  the 
injury  done  in  the  preparation  of  the  artery.  The  circumflex 
and  dcscendens  may  be  prepared  without  injuring  a  single  mus- 
cle-fiber, vet  their  ligation  frequently  arrests  the  heart,  while 
the  lip^ation  of  the  arteria  sopti,  which  cannot  be  prepared  with- 
out injuring  the  muscle-substance,  does  not  arrest  the  heart. 
It  is,  moreover,  ])ossible  to  close  a  coronary  artery  without  me- 
chanical injury.  Lycopodium-spores  mixed  with  defibrinated 
blood  are  injected  into  tlie  arch  of  the  aorta  during  the  mo- 
mentary closure  of  that  vessel  and  are  carried  into  the  coronary 
arteries :  the  only  way  left  open  for  the  blood.  The  lycopodium- 
spores  plug  up  the  finer  branches  of  the  coronary  vessels.  The 
coronary  arteries  are  thus  closed  without  the  operator  having 
touched  the  heart.  Prompt  arrest,  with  tumultuous  fibrillary 
contraction,  follows." 

If  the  plasma  that  reaches  the  heart  by  way  of  the  Thebe- 
sian channels  can  sustain  both  its  nutrition  and  its  contractions, 
how  can  such  results  as  these  be  accounted  for?  The  sudden 
arrest  of  the  heart's  action  by  plugging  the  coronary  arteries 
certainly  points  to  a  predominating  function,  and,  more  than 
this,  to  a  function  of  which  they  are  alone  the  sources  of  blood- 

^  Porter:    Loo.  oft. 
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supply.  That  the  rdle  of  the  coronary  blood  is  precisely  that 
which  obtains  elsewhere  in  the  organism  is  forcibly  suggested 
by  the  experiments  of  Langendorff^  who  was  able^  according  to 
Porter,  ^y  circulating  warmed  oxygenated  defibrinated  blood 
through  the  coronary  vessels,  to  maintain  the  hearts  of  rabbits, 
cats,  and  dogs  in  activity  after  their  total  extirpation  from  the 
body/'  It  is  dear  th^t  the  blood-plasma  can  incite  functional 
activity  when  introduced  through  the  coronaries  as  well  as  when 
introduced  into  the  ventricles.  ^^Evcn  pieces  removed  from  the 
ventricle  will  contract  for  hours,"  continues  the  author,  "if  fed 
with  blood  through  a  cannula  in  tlie  branch  of  the  coronary 
artery  which  supplies  them  (Porter").  It  is  evident,  therefore, 
that  the  cause  of  the  rhythmic  beat  of  the  heart  lies  within  the 
heart  itself,  and  not  within  the  central  nervous  system.^' 

.  The  italicized  words  represent  precisely  the  factor  of  the 
problem  which  must  be  eliminated  to  enable  us  to  differentiate 
the  rdle  of  the  coronary  plasma  from  that  of  the  Thebesian 
plasma,  for  blood  will  not  alone  induce  contraction  of  the  car- 
diac walls;  almost  any  irritant  will  under  appropriate- condi- 
tions. Indeed,  in  the  latter  case  it  will  sometimes  undergo  con- 
tractions without  any  external  irritation;  thus,  "a  strip  of 
muscle  cut  from  the  apex  of  the  tortoise  ventricle  and  suspended 
in  a  moist  chamber  begins  in  a  few  hours  to  beat  apparently 
of  its  own  accord  with  a  regular,  but  slow,  rhythm,  which  has 
been  seen  to  continue  as  long  as  thirty  hours.  If  the  strip  is 
cut  into  pieces  and  placed  on  moistened  glass  slides,  each  piece 
will  contract  rhythmically.  Yet  in  the  apex  of  the  heart  no 
nerve-cells  have  been  found'^  (Porter).  Hence  the  power  to 
contract  is  inherent  in  the  contractile  tissues,  and  subject,  as 
elsewhere  in  the  organism,  to  exacerbations  of  activity  under 
appropriate  stimulus.  This  fact  being  now  established,  our  in- 
quiry is  simplified,  since  we  need  only  to  inquire  into  the  nature 
of  the  processes  through  which  it  is  utilized. 

Analysis  of  the  requiremonts  of  the  right  heart  soon  re- 
veals the  fact  that  the  muscle-fibers  require  the  same  blood- 
supply  that  any  muscle  of  the  body  does.  Indeed,  we  then 
realize  that  the  coronary  arteries  are  their  only  source  of  oxy- 


^  Porter:    Journal  of  Experimental  Medicine,  toL  11,  p.  391,  1887. 
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gtn.  The  Tenous  blood  tliat  reaches  it  through  the  Thebeeian 
channels  has  been  depleted  of  this  gas  by  the  rest  of  the  or- 
ganism, and  the  suprarenal  secretion,  owing  to  its  marked  avid- 
ity for  it,  must,  while  in  transit  through  the  inferior  vena 
caTa,  have  deprived  it  of  the  little  that  might  have  remained 
in  Iooi>^?  combination.  We  have  reviewed  the  ultimate  distribu- 
tion of  t!ie  coronary  arteries  as  given  by  Berdal.  It  does  not 
differ  fn>m  that  of  other  text-books.  These  generally  concur 
in  stating  that  the  larger  branches  are  distributed  to  the  con- 
nective tissue  betwe«i  the  large  fasciculi,  and  once  therein 
divide  intt)  arterioles,  which,  in  turn,  subdivide  into  capillaries 
that  entwine  the  primary  muscle-fasciculi,  '^he  capillaries 
of  the  myooanlium  are  very  numerous,^  say  Bohm  and  von 
I^vidoff,  **and  so  ilosely  placed  aroimd  the  muscle-bundles  that 
eavh  muscular  fiber  comes  in  contact  with  one  or  more  capil- 
laries." 1>>  they  serve  here,  as  elsewhere,  to  supply  the  muscle- 
fiber  with  its  source  of  energi^ — i.e.,  the  carbohydrates  that  enter 
hno  tlio  fonnation  of  the  myosinogen — besides  furnishing  the 
oxidizing  substance  which  sustains  the  combustion  processes 
when  bnnight  into  contact  with  this*  myosinogen  ?  This  is  pre- 
cisily  where  a  difference  between  the  muscular  functions  of  the 
heart  and  those  of  other  muscular  structures  appears  to  us  to 
exist. 

There  is  practically  no  passive  period  in  the  heart's  action 
when  we  consitler  that  its  stage  of  acii^ty  recurs  every  three- 
fourths  of  a  sound ;  and  the  formation  of  myosinogen  in  its 
contractile  elements,  were  it  to  proceinl  as  slowly  as  it  does  else- 
where, would  set»m  totally  inadei^uate.  Still,  if  the  coronary 
blood  is  not  endowed  with  the  mission  of  supplying  the  heart- 
muscle  with  Its  source  of  energ}*,  we  are  relegated  to  the  venous 
blood  of  the  Thebesian  vessels  and  its  suprarenal  secretion  for 
the  myosinogen-fonning  products  A  possible  source  of  en- 
ergy suggests  itself  when  we  consider  that  a  carbohydrate 
known  to  react  under  the  effects  of  the  oxidizing  substance  is 
present  in  tlie  hepatic  veins, — i.e.,  dextrose, — and  that  this 
sugar  must  pass  through  the  right  heart.  As  is  well  known, 
these  veins  carry  their  sugar  to  the  inferior  vena  cava.  That 
it  is  not  used  by  the  lieart,  however,  was  shown  by  a  careful 
analysis  of  the  whole  question.    This  is  submitted  in  the  twelfth 
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chapter.  For  reasoiiB  snbmitted  in  the  second  volume  I  was 
led  to  condnde  that  the  minute  granules  referred  to  on  page  433 
were  actually  supplied  to  the  heart  through  the  intermediary 
of  leucocytes.  These  cells  were  found  to  migrate  from  the  liver 
(also  throu{^  the  hepatic  veins)  to  the  inferior  vena  cava,  where 
they  meet  the  adrenal  secretion  and  proceed  with  it  to  the 
right  ventricle.  The  evidence  seems  incontrovertible.  The 
subject  is  so  far-reaching^  however,  that  it  had  to  be  consid- 
ered separately.  I  shall,  for  the  present  only,  refer  to  these 
granulations  as  ^'granules  f)^^  (Ehrlich) .  We  now  have,  it  seems 
to  me,  the  elements  necessary  to  account  for  the  functional  phe- 
nomena witnessed,  namely : — 

i.  The  adrenal  secretion,  to  contract  the  right  auricle  and 
ventricle  and  thtts  insure  the  penetration  of  the  Thebesian  hlood 
into  the  cardiac  walls  (which  contraction  venous  blood  or  its 
contained  granules  fi  would  not  cause) . 

£.  The  granules  ^,  to  account  for  the  unusual  and  con- 
Unuous  production  of  energy  which  the  heart  converts  into  work. 

S.  A  continuous  supply  of  oxidizing  substance  via  the  coro- 
nary arteries  to  insure  the  combustion  processes  through  which 
this  energy  is  liberated. 

The  annexed  colored  plate  shows  the  manner  in  whicli  the 
adrenal  secretion  and  the  granules  ^  simultaneously  reach  the 
right  auricle. 

We  can  now  understand  why  plugging  of  the  coronary 
arteries  should,  as  stated  by  Porter,  arrest  cardiac  action.  He- 
ferring  to  the  effects  of  embolism  and  thrombosis  of  these 
arteries,  this  investigator  also  says:  "That  part  of  the  heart- 
wall  supplied  by  the  stopped  artery  speedily  decays.  The 
bloodless  area  is  of  a  dull-white  color,  often  faintly  tinged  with 
yellow;  rarely  it  is  red,  being  stained  by  hcBmoglobin  from  the 
neighboring  capillaries.  The  cross-section  is  coarsely  granular. 
The  nuclei  of  the  muscle-cells  have  lost  their  power  of  staining. 
The  muscle-cells  are  dead,  and  connective  tissue  soon  replaces 
them.  This  loss  of  function  and  rapid  decay  of  cardiac  tissue 
would  not  take  place  did  anastomosis  permit  the  establishment 
of  collateral  circulation  between  the  artery  going  to  the  part 
and  neighboring  arteries.  .  .  .  The  objection  that  one  of 
the  coronary  arteries  can  be  injected  from  another,  and  that^ 
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tlierefore,  they  are  not  terminal^  is  based  on  the  inconect 
premise  that  tenninal  arteries  cannot  be  thus  injected^  and 
hm  no  weight  against  the  positive  evidence  of  the  complete 
failure  of  nutrition  following  closure/'  As  I  interpret  the 
|>r(Kt.*sSy  the  absence  of  anastomosis  further  suggests  the  exist- 
once  of  an  additional  source  of  energy;  but  the  cardiac  arrest 
uftiT  ligation  of  the  coronary  also  indicates  that  compensation 
from  tlie  opposite  heart  can  only  be  gradually  established.  On 
the  wholo,  the  coronaries  of  the  right  side  are  as  important 
a.s  if  tlu*y  alone  supplied  the  needs  of  the  functions  of  that 
side.  The  ^anules  P  and  the  adrenal  secretion  are  furnished  to 
compensate  for  the  absence  of  arterial  blood  in  the  right  auric- 
ulo- ventricular  cavities  and  in  their  Thebesian  channels;  but, 
the  right  coronaries  being  the  only  source  of  one  of  the  three 
tirrrssary  factors  of  the  process,  their  obliteration  means  as 
much  as  that  of  the  left  coronaries  does  to  the  left  heart. 

We  can  also  understand  why  the  contractile  elements  of 
the  primary  fasciculi  are  bare.     They  are  constantly  bathed 
in   the  plasma  from  which  they  obtain  the  granules   fi  that 
enter  into   the  fonnation  of  their  myosinogen.     The  absence 
of  tuy^en  in  this  fluid  renders  it  perfectly  harmless  to  the 
Jt'li^nte  st ructuR^s   that  surround  the  primary  and  secondar}' 
I'nn.lles  of  muscle-fiber,  and  to  the  net-works  of  arterial  capil- 
\n:,w  that  lui<r  the  bare  fibers.    The  latter,  by  a  rapid  absorp- 
t  .MK     wh'wh  the  presence  of  sarcolemma  would  counteract, — 
;r\^    ^on^-liuitly    forming   their   products   of   metabolism:     i.e., 
V  \,xvn\onxMK     The  arterial  capillaries,  "coated,  on  their  exter- 
v/,:   vun.ut\  >\ith   Hat  connective-tissue  cells"   (Berdal),  when 
;  •.'x  .  uw<  (he  spaces  of  Henle,  being  the  only  carriers  of  oxy- 
.Nn    uxMnu^llv  Kvome  the  active  factors  of  nutrition  and  func- 
•  ,^M       V\w\v  h\\\^\  is  the  normal  excitant — as  elsewhere.     The 
\.»',M^^  MA*d  lMjnn>4  the  *rranules  P  ;  the  adrenal  secretions,  by 
,s'  »u-*. ',M\i:  i!\o  \^•u^liac  walls,  forces  it  into  the  Thebesian  chan- 
\*s^   Nm>*   ttuivle  tihers  absorb  the  granules  and  convert 
v' .  i^  ^^u*  \*SM   .^wu  jvu'fii'ular  kind  of  fuel,  myosinogen;  the 
^'\    *^'as\  vutMxl:v.s  (he  ener^ry  for  this  metabolism — oxy- 
\>        ^  ^'    -    ^'\»^  u^vu«l\    su^tiiins,  again  with  its  oxygen,  the 
.   ,    .   wi   ^^.^s^^  ■^\^  e.^sxu  w hi\h   thc  omtinuous  work  of  the 
\ '.jss^nI.       Uv^w   .^^  \»!^'\0\eR\   the  jxitential  energy  of 
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fbe  chemical  agencieB  present  becomes  converted  into  mechan« 
ical  energy,  vrhich  manifests  itself  as  visible  motion. 

The  left  heart — ^the  coronaries  of  which  are  larger  than 
thoae  of  the  right — ^presents  anatomical  features  which  modify, 
in  a  measure,  the  manner  in  which  its  physiological  functions 
are  performed.  Both  its  auricle  and  ventricle  containing  arte- 
rial blood  fresh  from  the  heart,  the  Thebesian  circulation  does 
not  appear  to  fulfill  the  primary  role  it  does  in  ihe  right  heart. 
Indeed,  the  various  experiments  of  Pratt  and  his  predecessors 
and  my  own  careful  examination  of  the  ox-heart  distinctly 
show  that  the  Thebesian  circulation  of  the  left  heart,  as  regards 
intraventricular  orifices,  is  much  less  important  than  that  of 
the  right  heart.  Still,  the  evident  permeabiliiy  of  the  inter- 
ventricular septum  and  the  histology  of  the  left  myocardium 
suggest  that  the  left  heart  must  receive  material  aid  from  the 
adrenal  secretion  and  its  granules  /3.  This  feature  will  again 
be  referred  to  in  the  twelfth  chapter. 

A  feature  that  may  be  considered  as  demonstrated,  and 
common  to  both  sides,  is  the  return  of  the  blood,  whether  its 
source  be  the  Thebesian  or  coronary  systems,  by  way  of  the 
coronary  veins.  We  have  seen  that  Langer  expressed  the  opin- 
ion "that  the  foramina  Thebesii  in  the  ventricles  communicate 
with  the  veins  by  capillaries  alone.'^  My  conception  of  the 
process  involved  would  necessitate  such  an  arrangement  as  re- 
gards the  right  heart.  Indeed,  so  direct  is  this  connection  that 
even  such  viscid  substances  as  starch  and  cclloidin  were  found 
by  Pratt,  when  introduced  into  the  coronary  veins  of  the  ox, 
to  emerge  from  the  foramina  Thebesii.  Still,  we  could  hardly 
expect  such  a  free  transit  on  the  left  side  of  the  organ,  inas- 
much as  the  presence  here  of  arterial  blood  only  would  suggest 
the  presence  of  a  structural  organization  similar  to  that  of  ordi- 
nary muscles.  Indeed,  referring  to  the  vascular  connections 
of  the  left  heart,  Pratt  says :  "So  intimate  a  connection,  how- 
ever, between  the  coronary  veins  and  the  vessels  entering  the 
left  ventricle  I  have  not  yet  been  able  to  demonstrate."  Again. 
on  the  right  side  the  connection  with  coronary  veins  must  evi- 
dently be  a  physiological  one,  since  "a  small,  but  steady,  stream 
of  venous  blood  issued  from  them"  when  the  veins  were  incised 
after  the  right  ventricle  had  been  filled  with  defibrinated  blood* 


Bat  *te  flflv  of  Uood  occurred  from  &e  we^xsTj,  altlKni^  there 
wafi  a  free  escape  from  an  indaioii  in  an  acceMnpanying  vein"  in 
an  experiment  gimilar  to  that  prerioiifilj  referred  to,  «Iso  per- 
formed bj  Dr.  Pratt.  In  fact,  it  appears  to  me  Terr  doubtful 
whether  eren  the  capillary  communication  betweai  conmary 
arteries  and  the  Thebesian  Teasels,  referred  to  by  the  latter 
•  l>!?enrer  in  his  conclusions,  at  all  ejdsts — at  kast  in  the  walls 
of  the  right  heart.  Even  disregarding  my  Tiews,  it  seems  evi- 
dent  that  the  admixture  of  venous  blood  with  the  arterial  blood 
would  greatly  reduce  and  perhaps  annul  the  functional  efficacy 
of  the  latter  as  an  oxidizing  agent. 

We  can  now  imderstand  how  the  adrenal  secretion  so 
greatly  influences  cardiac  activity.  An  increase  of  it  augments 
the  force  «>f  the  contraction,  but  the  heart  does  not  dilate  as 
pnnnptly  nor  perhaps  as  completely ;  hence  its  action  is  slower, 
but  more  forcible :  we  have  seen  that  this  represents  the  primary 
etTei't  of  all  drugs  sufficiently  active  to  stimulate  the  adrenals. 
A  still  greater  quantity  of  adrenal  secretion  increases  the  vio- 
lent, e  of  oaniiae  action;  the  vessels  are  tense,  and  ecchymoses, 
luviuaturia,  epistaxis,  etc.,  may  ensue.  The  heart  acts  normally, 
liowever.  in  the  sense  that  its  diastole  is  almost  complete.  Con- 
tinuous oanlido  stimulation  through  excessive  production  of 
adn»nal  secretion,  due  in  turn  to  excessive  production  of  iodo- 
thyrin,  as  in  exophthalmic  goiter,  causes  the  heart  to  contract 
K^foro  it  has  exhausted  its  complete  diastole  and  to  work 
within  a  narrower  field.  Its  contractions  are  sharp,  but  rapid: 
the  type  of  the  ^'cramped  heart.''  Increase  of  adrenal  activity 
involves  increase  of  oxidizing  substance;  hence  the  left  iieart 
is  corresj>ondingly  stimulated.  When,  however,  adrenal  insuffi- 
ciency occurs,  the  phenomena  follow  an  opposite  course;  when 
total  inhibition  of  the  adrenal  system  ensues,  the  vascular  walls, 
losing  all  their  functional  stimuli, — the  adrenal  secretion,  the 
granules  ^,  and  the  oxidizing  substance, — ^gradually  cease  their 
contractions  and  lapse  into  diastole. 

THE  INNERVATION  OF  THE  HEART. 

We  are  again  brought,  by  analysis,  to  the  realization  that 
the  efferent  nerves  distributed  to  the  heart  incite  and  govern 
functional  activity  but  contribute  nothing  to  the  continuation 
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of  vital  proceasea  per  se.  Indeed,  in  the  heart  they  do  nai  t 
else  than  in  other  parts  of  tiie  organiem.  One  set  of  nervea 
distributed  to  the  cardiac  arteries  provokes  dilation  to  increase 
cardiac  activity;  another  set  causes  constriction  of  those  vessels 
when  cardiac  activity  is  to  be  reduced.  "The  rich  nervous  supply 
of  the  heart  is  derived  from  the  coronary  plexuses"  says  Piersol, 
"and  includes  numerous  niedullated  fibers  coming  from  the 
pnevmogastric  as  well  as  the  non-medullated  sympathetic  fibers 
proceeding  from  the  cervical  ganglia.  Numerous  microacopieal 
ganglia  are  found  along  the  course  of  the  large  nerve-trunka 
accompanying  the  branches  of  the  coronary  arteries,  especially 
in  the  longitudinal  interventricular  and  in  the  auriculo-ven- 
tricular  furrows.  Many  additional  small  groups  of  ganglion- 
cells  occur  within  the  muscular  tissue  associated  with  the  fibers 
supplying  the  intimate  stnicture."  Briefly,  according  to  pre- 
vailing teacliin^  the  viigua  and  sj'nipathetic  are  the  nerves 
which  govern  the  functions  of  the  heart- 
Is  this  true?  In  the  light  of  my  own  views,  it  is  subject 
to  doubt;  and,  precisely  as  I  have  shown  it  to  be  the  ease  with 
the  kidneys,  all  the  nerves  supplied  to  the  heart  belong  to  the 
sympathetic  system. 

AccELEHATiON. — Legallois,  early  last  century  (1812)  urged 
that  the  nerves  which  increased  the  beats  of  the  heart  in  a 
given  time  belonged  to  the  sympathetic  system.  Although 
vigorously  attacked  by  Bezold  and  others,  this  doctrine  has 
steadily  gained  ground,  and  most  investigators,  including  Hei- 
denhain,  lAngley  and  Gaskell  have  accepted  Legallois's  view. 
It  becomes  a  question,  however, — in  the  light  of  my  views, — 
whether  acceleration  represents  the  motor  phase  of  cardiac 
action,  and  therefore,  whether  or  not  as  in  the  kidney,  the 
sympathetic  fulfills  the  rflle  of  motor,  i.e.,  of  vasodilator  nerve. 
That  it  does  is  shown  by  the  experiments  of  B.  and  M.  Cyon" 
who  found  that  occlusion  of  cardiac  vessels  did  not  cause  ac- 
celeration— in  other  words  that  it  was  not  by  reducing  the 
blood  supplied  to  the  heart  walls  that  the  accelerators  acted 
upon  the  heart.  On  the  other  hand,  as  will  be  shown  under 
the  next  heading,  constriction  of  the  cardiac  arteries,  t.e.,  dlmi- 

MB.  uid  U.  Cyon:    ArchiT  r.  Pbyetol..  1B«T. 
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nution  of  the  blood  supplied  to  the  cardiac  mnfide,  slows  the 
heart's  action.  Indeed,  Baxt^^  observed  a  distinct  antagonism 
between  the  vagi  in  the  neck — owing  as  shown  below  to  the 
presence  of  cardiac  vasoconstrictor  fibers  in  this  nerve — and  the 
accelerators,  when  stimulated  simultaneously.  The  vagi  sup- 
pressed the  accelerators  invariably^  in  fact^  and  irrespective  of 
the  strength  of  the  current.  It  is  evident,  therefore,  that  ac- 
celeration is  not  due  to  constriction  of  the  cardiac  arteries,  and 
that  the  sympathetic  accelerators  must  act  upon  the  heart  by 
producing  dilation  of  these  vessels. 

The  vasodilator  properties  of  the  accelerators  have,  in  fact, 
so  legitimate  a  claim  to  recognition  that  in  his  recently  pub- 
lished review  of  our  knowledge  on  the  subject  Carvallo**  re- 
marks :  *The  first  thoracic  ganglion,  or  stellate  ganglion  seems 
to  contain  vasodilator  fibers  which  almost  always  cause  aug- 
mentation of  speed.''  He  forcibly  illustrates  this  fact  by  a 
table  demonstrating  tliat  the  vessels  so  influenced  show  an  tn- 
creased  blood-flow  in  a  given  time,  when  the  accelerator  nerves 
are  stimulated,  and  closes  his  review  with  the  following  words: 
*'We  may  conclude  therefore  that  the  heart  possesses  a  complete 
vasomotor  apparatus  the  vasoconstrictor  fibers  of  which  reach 
it  essentially  by  way  of  the  vagus,  and  the  vasodilator  nerves 
by  the  stellate  ganglia  [first  thoracic]  and  the  annuli  of  Vieus- 
sens.^' 

Briefly,  "acceleration"  represents  an  exacerbation  of  ac- 
tivity of  the  heart,  and  just  as  we  found  such  increased  activity 
produced  by  vasodilation  and  the  admission  of  an  excess  of 
blood,  in  other  organs,  so  do  we  find  it  here. 

Inhibition. — In  the  light  of  foregoing  statements,  this 
phenomenon  should  assort  itself  as  a  result  of  excessive  con- 
striction of  the  cardiac  arteries  and  diminution  of  the  blood  sup- 
plied to  the  cardiac  muscle.  That  such  is  the  case  suggests 
itself  from  various  directions. 

The  inhibitorv  effect  of  excessive  constriction  of  the  coro- 
naries  is  beyond  question.  Chirac'®  found  that  the  beats  of  a 
dog's  heart  were  soon  arrested  when  one  of  the  coronaries  was 


^'^  Baxt:    Arb.  a.  d.  phys.  Anst,  Leipzig.  1875. 
"Carvallo:    Richet's  Dictlonnaire  de  Physiol.,  p.  817, 
i»  Chirac:    "De  MPtu  Qordls,"  p.  121,  1693. 
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tied.  Erichaen**^  observed  a  similar  result  after  tying  those 
veBBcls.  Leonard  Hill^'  referring  to  the  investigations  of  Cohn- 
heiin  and  Schnlthesa-Bechbergy^'  McWilliams/'  Bettelhciiu,^^ 
and  othera,  alao  states  that  "ligaturing  one  of  the  large  branches 
only  is  frequently  sufficient  to  cause  arrest''  Again^  Seo^ 
Bochefontaine  and  Boussy^'  observed  that  substances  capable  of 
plugging  the  coronaries — ^lycopodium  spores^  for  instance — also 
ctused  cardiac  arrest  Porter**  plugged  the  left  coronary  artery 
in  nineteen  dogs  and  says  that  "the  closure  of  tlic  artery  wan 
always  promptly  followed  by  arrest."  As  the  result  of  closure 
by  ligation  in  sixty-seven  dogs,  he  reached  the  deduction  that 
**the  frequency  of  arrest  is  in  proportion  to  the  size  of  tho 
artery  ligated."  As  cardio-inhibitory  impuIsc^s  transinitted 
through  the  vasoconstrictors  of  both  vagal  trunks  prohal)ly  influ- 
ence all  the  cardiac  arterioles  simultaneously,  the  case  with 
which  the  heart's  action  can  be  arrested  by  exciting  the  l)ull)ar 
center  is  easily  accounted  for.  Finally  Kolster,'^  Porter,'-"*  and 
others  have  shown  experimentally  that  the  part  of  the  heart 
supplied  by  an  infarcted  coronary  artery  degenerates. 

Yet,  if  the  vasomotor  impulses  inhibit  the  heart  Ijy  cauHiii^^ 
excessive  constriction  of  the  coronaries  and  their  ofTshorjf^,  tlu; 
effects  on  the  heart  wall  must  coincide  with  tliose  r«'Hiiltin;f 
from  deprivation  of  blood.  Such  is  undoubtedly  llu*  onro:  K. 
Weber**  observed  that  during  partial  inhibition  llir*  ciwiWuc  r-ori- 
tractions  were  weakened,  while  Schiff"*  found  tluit  th*-  fnuy- 
cular  elements  of  the  entire  organ  respondf^rl  h-.-s  or  not  ;it  ;ill 
in  stimuli.  Fran^ois-Franck,  Fisrrhel,'-  and  otlHrr  ol,-»  r-.i'l 
that  the  cardiac  walls  were  softer  than  unual.     Fo-t*  r  -   -tiit<  - 
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that  when  the  interrupted  current  is  used  to  stimulate  the 
vagal  trunk,  the  heart  remains  in  diastole,  motionless  and  flac- 
cid. When,  however,  the  current  is  weak,  the  beats  are  only 
slowed  and  weakened.  Coats**  ascertained  manometrically  that 
the  contractions  were  markedly  reduced  in  force.  Gaskell*^ 
and  Stefani**  found  that  the  ventricular  tonicity  was  reduced. 
Muskens**  also  foimd  that  stimulation  of  the  vagus  lessened  the 
force  of  the  contraction  in  the  frog. 

Gaskell*^  characterizes  as  "most  striking*'  the  attending 
depression  of  activity.  Still,  there  is  no  loss  of  inherent  mus- 
cular irritability,  since,  according  to  Poster,**  a  pin  prick  in 
the  heart  during  inhibition  may  cause  the  organ  to  resume  its 
beats;  the  morbid  phenomena  are,  therefore,  the  result  of  a 
deficient  supply  of  the  nutrient  components  of  the  blood.  Por- 
ter** states  that  *T)ut  little  is  known  as  to  the  constituents  of 
the  blood  which  are  essential  to  the  life  of  the  mammalian 
heart,**  and  that  "an  abundant  supply  of  oxygen  is  certainly 
highly  important/*  The  manner  in  which  the  deficiency  of 
these  blood  constituents  causes  the  inhibitory  effects  is  suggested 
in  the  following  lines  of  Langley*s*® :  *The  decrease  of  rigidity 
in  the  inhibited  muscular  tissue  shows  that  inhibition  is  not 
caused  by  the  development  of  a  contractile  force  acting  in  a 
direction^opposed  to  the  normal  one  and  overpowering  it.  We 
are  then  brought  to  the  conclusion  that  certain  nerve  impulses 
— the  inhibitory  nerve  impulses — are  able  to  lessen  or  to  stop 
the  chemical  change  in  the  tissue  which  leads  to  contraction.** 

The  role  of  the  "inhibitory**  fibers  (now  generally  consid- 
ered as  vagal,  because  they  form  part  of  the  nerve  bundles 
which  have  been  known  as  the  vagi,  or  pneumogastric  nerves) 
thus  corresponds  with  that  of  the  sympathetic  vasoconstrictors 
we  have  found,  elsewhere,  to  restore  the  arterioles  to  their  nor- 
mal caliber  after  these  vessels  had  been  dilated  by  a  motor  or 
secroto-motor   nerve   to   incite   an   exacerbation   of   functional 


"  Coats:    Bericht  d.  k.  Sachs.  Oesellsch.  d.  WIssensch.,  S.  860,  18fi9. 

»*Gaskell:    Phllosoph.  Trans.,  p.  1019.  1882. 

"StefanI:    Archives  Italiennes  de  biologic,  T.  xxlil,  p.  172,  1895. 

••  Muskens:    PflUger's  Archiv,  Bd.  Ixvi,  Hft.  5  u.  6,  S.  328.  1897. 

"Gaskell:    Schftfer's  "T.  B.  of  Physiol.,"  vol.  If,  p.  169,  1900. 

"Foster:    ''T.  B.  of  Physiol.,"  sixth  American  edition.  1895. 

■•  Porter:    "Amer.  T.  B.  of  Physiol.,"  vol.  I,  second  edition,  p.  148,  IdOOl 

«  Langley:    Sch&fer's  "T.  B.  of  Physiol.,"  vol.  li,  p.  616,  1900. 
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activity.  Langley's  observation  gives  precision  to  my  view  in 
this  connection;  interpreted  from  my  standpoint,  it  is  the 
diminution  of  blood  in  the  cellular  elements  which  serves  "to 
lessen  or  to  stop  the  chemical  change  in  the  tissue  which  leads 
to  contraction/'  Can  we  logically,  in  view  of  the  secreto-motor 
idle  ascribed  by  physiologists  to  the  vagus  in  other  organs, 
admit  that  in  the  heart  its  action  is  the  opposite?  That  the 
so-called  "inhibitory"  nerve  is  composed  of  sympathetic  fibers 
which  carry  on  the  same  functions  they  do  in  other  organs^ 
is  therefore  evident. 

Should  we  under  these  conditions  consider  the  sympathetic 
as  "inhibitory^*  ?  I  have  shown  that  inhibition  is  the  result 
of  excessive  constriction  of  the  arterioles.  "Excessive"  here 
obviously  portrays  a  morbid  or  pathological  condition,  one  of 
grave  importance  clinically.  Indeed,  as  I  will  show  in  the 
second  volume,  many  toxins  and  toxics  are  fatal  owing  to  their 
vasoconstrictor  influence  on  the  cardiac  vessels,  and  the  morbid 
phenomena  awakened  are  precisely  those  described  above — ^those 
which  the  physiologist  deems  normal  because  they  are  expressions 
of  a  so-called  physiological  fimction  he  has  termed  "inhibition." 

In  my  opinion  the  older  term  "moderator  nerve"  should 
replace  the  pernicious  term  now  used,  and  "inhibition"  be  re- 
served for  the  expression  of  the  morbid  process  which  excessive 
constriction  of  the  arterioles  represents. 

Augmentation. — This  action  of  the  heart,  i.e.,  increase  of 
its  contractile  power,  must  be  due  to  an  action  other  than  that 
of  acclerator  nerves.  Thus,  von  Bezold  and  Bever*^  and  later 
Cyon*^  found  that  stimulation  of  the  accelerator  increased 
the  number  of  beats  of  the  heart,  but  not  its  power.  This  was 
confirmed  by  other  investigators.  Again  the  mode  of  action  of 
the  augmentor  nerve  differs  strikingly  from  that  of  other  car- 
diac nerves;  Foster,*^  for  instance,  writes:  "In  contrast  with 
the  case  of  the  vagus  fibers,  a  somewhat  strong  stimulation  is 
required  to  produce  an  effect;  the  time  required  for  the  maxi- 
mum effect  to  be  produced  is  also  remarkably  long."     These 


^  Bezold  and   Bever:     Untersuch.   a.   d.   physiol.   Lab.   zu  Wurzburg,   Bd.   ii, 
J867. 

*■  Cyon:     Loc.  cit. 

"Foster:    Loc.  cit.,  p.  203. 
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facts  suggest  that  acceleration  and  augmentation  are  separate 
functions.  Indeed,  the  delay  in  the  augmentation  of  power,  as 
compared  with  the  acceleration,  is  explained  when,  as  I  urged 
a  few  years  ago/^  the  adrenal  secretion  is  regarded  as  the  source 
of  the  increased  cardiac  power.  This  is  sustained  by  many 
facts.  Thus,  while  Noel  Paton**  refers  to  the  ^^augmentors  and 
accelerators"  as  small  medullated,  i.e.,  sympathetic,  fibers  **which 
leave  the  spinal  cord  by  the  anterior  roots  of  the  second^  third, 
and  fourth  dorsal  nerves  passing  to  the  stellate  ganglion,''  I 
have  shown  that  the  three  above-mentioned  roots  are  also  pre- 
cisely those  through  which  the  nerves  which  pass  to  the  sym- 
pathetic chain  and  thence  down  to  the  splanchnic,  to  finally 
reach  the  adrenals.  On  stimulating  these  nerves,  therefore,  an 
experimenter  not  only  excites  the  accelerators  which  pass  to  the 
heart  via  the  annulus  of  Vieussens,  but  also  the  nerve-paths  to 
the  adrenals. 

This  accounts  for  the  fact  that  while  a  large  group  of  in- 
vestigators including  Cyon,  Bezold,  Schmiedeberg^  Boehm  and 
Bowditch  observed  acceleration  without  increase  of  power,  others, 
equally  competent,  including  Heidenhain,  Mills,  Roy  and  Adami, 
and  Bayliss  and  Starling  observ^ed  both  phenomena.  Indeed 
Schmiedeberg  and  Bowditch  both  urged  the  presence  of  two 
different  sets  of  nerves  to  account  for  these  specific  effects,  the 
one  set  influencing  the  cardiac  beats,  the  other  "acting  upon 
tlie  ])lood-prepsure  without  influencing  frequency.^*  Now,  the 
marked  influence  of  the  adrenal  secretion  upon  the  blood-pres- 
sure is  well-known,  and  the  delay  in  the  appearance  of  "aug- 
nu'ntation"  is  explained  when  it  is  borne  in  mind  that  the 
activity  of  secretory  organs  had  to  be  awakened  before  the  "aug- 
mentation" and  the  rise  of  blood-pressure  could  become  mani- 
fest. Biedl,*^  in  fact,  found  that  stimulation  of  the  divided 
splanchnic  only  caused  an  increased  production  of  adrenal  secre- 
tion after  7  to  9  seconds. 

I  submitted  in  the  two  preceding  sections,  the  reasons 
which  had  led  me  to  conclude  that  the  adrenal  secretion  con- 
tributed to  the  contractile  power  of  the  right  ventricle  which 


**  Sajous:    Jour.  Amer.  Med.  Assoc,  Feb.  4,  1905. 

«BNoel  Paton:     "Essential  of  Human  Physiol.,"  p.  243,  1905. 

««Biedl:    Loc.  ciU 
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the  chemical  agencies  present  becomes  converted  into  mechan- 
ical energy,  which  manifests  itself  as  visible  motion. 

The  left  heart — the  coronaries  of  which  are  larger  than 
those  of  the  right — ^presents  anatomical  features  which  modify, 
in  a  measure,  the  manner  in  which  its  physiological  functions 
are  performed.  Both  its  auricle  and  ventricle  containing  arte- 
rial blood  fresh  from  the  heart,  the  Thebesian  circulation  does 
not  appear  to  fulfill  the  primary  role  it  does  in  the  right  heart. 
Indeed,  the  various  experiments  of  Pratt  and  his  predecessors 
and  my  own  careful  examination  of  the  ox-heart  distinctly 
show  that  the  Thebesian  circulation  of  the  left  heart,  as  regards 
intraventricular  orifices,  is  much  less  important  than  that  of 
the  right  heart.  Still,  the  evident  permeability  of  the  inter- 
ventricular septum  and  the  histology  of  the  left  myocardium 
suggest  that  the  left  heart  must  receive  material  aid  from  the 
adrenal  secretion  and  its  granules  j8.  This  feature  will  again 
be  referred  to  in  the  twelfth  chapter. 

A  feature  that  may  be  considered  as  demonstrated,  and 
common  to  both  sides,  is  the  return  of  the  blood,  whether  its 
source  be  the  Thebesian  or  coronary  systems,  by  way  of  the 
coronary  veins.  We  have  seen  that  Langer  expressed  the  opin- 
ion "that  the  foramina  Thebesii  in  the  ventricles  communicate 
with  the  veins  by  capillaries  alone."  My  conception  of  the 
process  involved  would  necessitate  such  an  arrangement  as  re- 
gards the  right  heart.  Indeed,  so  direct  is  this  connection  that 
even  such  viscid  substances  as  starch  and  celloidin  were  found 
by  Pratt,  when  introduced  into  the  coronary  veins  of  the  ox, 
to  emerge  from  the  foramina  Thebesii.  Still,  we  could  hardly 
expect  such  a  free  transit  on  the  left  side  of  the  organ,  inas- 
much as  the  presence  here  of  arterial  blood  only  would  suggest 
the  presence  of  a  structural  organization  similar  to  that  of  ordi- 
nary muscles.  Indeed,  referring  to  the  vascular  connections 
of  the  left  heart,  Pratt  says:  "So  intimate  a  connection,  how- 
ever, between  the  coronary  veins  and  the  vessels  entering  the 
left  ventricle  I  have  not  yet  been  able  to  demonstrate."  Again, 
on  the  right  side  the  connection  with  coronary  veins  must  evi- 
dently be  a  physiological  one,  since  "a  small,  but  steady,  stream 
of  venous  blood  issued  from  them"  when  the  veins  were  incised 
after  the  right  ventricle  had  been  filled  with  defibrinated  blood, 
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A  recent  study  of  the  questicm  (1898)^  by  the  same  physi- 
ologist showed  tliat  tliese  ^^reenforced  pulsations"  which  he  had 
at  first  ascribed  to  reflex  action^  were  in  reality  due  to  the  fact 
that  the  nerves  which  evoke  these  phenomena  were  distributed 
to  the  vessels  of  the  thyroid  gland  and  that  it  was  the  secretion 
of  this  organ  which  had  produced  the  cardiac  "augmentation." 
1'he  manner  in  which  the  thyroid  secretion  could  produce  this 
effect  is  readily  explained  by  the  fact  that^  as  I  have  shown, 
this  secretion  serves  to  sustain  the  functional  eflSciency  of  the 
adrenal  center.  Briefly,  it  is  also  through  the  adrenals — 
though  indirectly — ^that  Cyon  produced  "reenforced  pulsations" 
of  the  heart 

The  following  conclusions  seem  to  me,  in  the  light  of  the 
foregoing  facts,  to  sunmiarize  the  functional  mechanism  of  the 
heart : — 

1.  The  nervous  supply  of  the  heart  is  derived  from  the 
sympathetic  system  and  is  composed  of  two  sets  of  nerves.^ 
the  accelerator  and  the  moderator  (or  inhibitory)  nerves. 

2.  The  accelerator  nerves  increase  the  rapidity  of  the  con- 
tractions  of  the  heart,  by  causing  dilation  of  its  arterioles  and 
thus  increasing  the  volume  of  blood  admitted  to  its  mvscuiar  ele- 
ments, 

ri.  The  moderator  (or  inhibitory)  nerves  diminish  the  ra- 
pidity of  the  heart's  contractions,  by  causing  constriction  of  its 
nrtrriolcs  and  thus  reducing  the  volume  of  blood  admitted  to  its 
in usruJa r  elements, 

Jt,  ''Augmentation/'  i.e.,  increased  power  of  the  heart's  con- 
tract  ions  is  due  to  increased  activity  of  the  adrenals,  whose 
secretion  traverses  the  heart  on  its  way  to  the  lungs. 

As  to  the  physico-elieniical  process  involved — ^bearing  in 
mind  that  the  muscular  elements  are  inherently  contractile — 
tlioy  are,  pending  additional  data,  as  follows: — 

5,  The  mechanical  energy  upon  which  the  right  heart 
depends  is  of  two  kinds:  (!)  the  contractile  CLciion  of  the 
adrenal  secretion  brought  to  it  by  the  inferior  vena  cava;  (2) 
the  continuous  action  of  the  oxidizing  substance  of  the  coronary 
arterial  blood  upon  myosinogen  formed  from  granules  3>  the 
latter  being  granulations  derived  from  leucocytes. 

"^Cyon:    Arch,  de  physiol.  norm,  et  path.,  toI.  x,  No.  5,  p.  618,  1898. 
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6.  The  adrenal  secretion  and  the  granulations  ^  enter  the 
right  auricle  and  the  right  ventricle  with  the  blood  of  the  vena 
cava. 

7.  The  adrenal  secretion,  owing  to  its  direct  action  on 
muscular  tissue,  causes  the  walls  of  these  cavities  to  contract 
alternately  upon  their  venous  contents  and  to  force  a  small 
quantity  of  the  loiter  into  the  Thebesian  foramen  and  channels. 

8.  This  blood  then  penetrates  the  interfibrillary  spaces  of 
Henle, — Le.,  around  the  bare  muscle-cells, — and  its  granules  ^ 
are  used  by  the  latter  to  build  up  their  myosinogen. 

9.  As  the  plasma  of  the  coronary  arteries  and  their  ter- 
minals, the  pericellular  capillaries  of  the  muscle-elements,  con- 
tains oxidizing  substance  (adrenoxidase)  contraction  of  the 
muscle-cells  is  induced  as  it  is  elsewhere  in  the  organism. 

10.  The  adrenal  secretion  and  the  granules  (),  which  do  not 
enter  the  Thebesian  channeds,  are  carried  to  the  lungs  with  the 
venous  blood  of  the  right  ventricle. 

11.  The  mechanical  energy  of  the  left  heart  is  supplied  (1) 
by  the  oxidizing  substance  of  the  arterial  blood,  which  penetrates 
its  muscular  structures  and  its  cavities  by  the  coronaries  and  the 
pulmonary  veins,  and  (2)  by  an  additional  supply  of  granula- 
tions 13 ,  and  perhaps  of  adrenal  secretion,  which  find  their  way 
to  its  myocardium  through  the  Thebesian  channels  that  connect 
it  with  the  right  heart. 

12.  The  manner  in  which  the  contractile  process  is  carried 
on  in  the  walls  of  the  left  heart  is  similar  to  that  which  prevails 
in  the  right  heart. 

THE  ADRENAL  SECRETION  IN  ITS  RELATIONS  TO 
RESPIRATORY   FUNCTIONS. 

The  role  of  the  adrenal  secretion  in  respiration,  and 
particularly  the  process  through  which  oxygen  is  taken  up  by 
the  blood,  was  reviewed  in  the  second  chapter.  I  believe  that 
the  succeeding  chapters,  by  affirming  the  importance  of  the 
oxidizing  substance  in  everj-  part  of  the  organism,  have  but 
confirmed  the  conclusions  reached  concerning  the  process  in 
(|uestion.  The  fact  that  the  interchange  of  oxygen  and  car- 
l>onic  acid  between  the  alveolar  air  and  the  blood  by  mere 
diffusion  was  inadequate  to  account  for  the  experimental  results 
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of  various  investigators^  particularly  Bohr  and  Haldane  and 
Smithy  has  therefore  been  correspondingly  emphasized.  I 
must  also  refer  to  the  fact,  however,  that  the  belief  of  Ludwig, 
Bohr,  and  others,  that  the  alveolar  tissues  might  be  the  seat 
of  functions  capable  of  fulfilling  the  missing  requirements  of 
the  process,  has  not  been  sustained  by  my  inquiry.  On  the 
other  hand,  the  role  of  the  adrenal  secretion  in  the  lungs  as 
I  have  defined  it  has  adequately  met  these  requirements,  not- 
withstanding the  severe  tests  to  which  it  has  been  submitted  in 
previous  chapters. 

We  have  seen  that  the  adrenal  secretion,  conveyed  to  the 
lungs  with  the  venous  blood,  is  not  only  able  to  take  up  oxy- 
gen, but  to  form  an  oxidizing  substance,  i.e.,  adrenoxidase,  with 
whieli  ha?moglobin  can,  in  the  lungs,  become  replenished  with 
oxygen.  The  entire  set  of  analyses  submitted  in  this  work 
so  far,  however,  has  served  further  to  emphasize  another  fact: 
i.e.,  that  the  plasma,  and  not  the  corpuscle,  is  the  dispenser  of 
oxygen,  the  corpuscle  being  a  mere  carrier  from  which  the 
plasma  itself  becomes  replenished  as  needed.  As  already, stated, 
this  precisely  coincides  with  the  conclusion  to  which  Jaquet 
was  led  by  chemical  methods  after  Salkowski  (1881)  had  ob- 
tained oxidations  from  blood  alone,  which  he  attributed,  how- 
ever,  to  tlie  blood-corpuscles.  Abelous  and  Biam^  having  ob- 
tained oxidation  of  salicylic  aldehyde  by  means  of  blood-^serum, 
Salkowski  modified  his  former  view  and  experimentally  con- 
firmed the  results  of  the  other  investigators. 

Finally,  we  have  seen  how  closely  connected  the  adrenal 
secretion  is  witli  tlie  integrity  of  tlie  blood,  and  how  readily  the 
ha^nioglo])in  molecule  becomes  dissociated  in  proportion  as  the 
efiiciency  of  tlie  adrenals  becomes  weakened. 

The  next  important  question  to  analyze  is  one  fraught  with 
considerable  confusion,  viz.,  the  manner  in  which  the  respiratory 
process  is  governed,  and  the  identity  of  the  respiratory  center. 

THE  NERVO-VASCULAR  MECHANISM  OF  THE  LUNGS. 

According  to  prevailing  teachings  the  respiratory  center 
is  located  in  the  medulla  oblongat^i,  i.e.,  the  bulb.  But  there 
is  considerable  evidence  on  record  indicating  that  the  bulbar 
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center  is  not  supreme  in  the  control  of  respiration,  although  the 
fact  that  it  forms  part  of  the  controlling  mechanism  cannot  be 
denied.  Thus,  division  of  the  cord  below  the  seventh  cervical 
nerve  arrests  costal  respiration;  section  below  the  medulla 
causes  all  thoracic  movements  to  cease;  removal  of  the  brain 
above  the  medulla,  the  seat  of  the  supposed  center,  does  not 
stop  respiration,  while  cessation  of  this  function  occurs  when 
the  medulla  is  removed  or  extensively  injured,  save  in  excep- 
tional cases.  After  reviewing  tliis  evidence  Professor  Foster 
adds:  "Nay,  more;  if  only  a  small  portion  of  the  medulla — 
a  tract  whose  limits  have  not  been  clearly  defincd,^^  but  which 
may  be  described  as  lying  below  the  vasomotor  center  in  the 
immediate  neighborhood  of  the  nuclei  of  the  vagus  nerves — ^be 
removed  or  injured,  respiration  ceases,  and  death  at  once  ensues. 
Hence  this  portion  of  the  nervous  system  was  called  by  Flourens 
the  vital  knot,  or  ganglion  of  life :  namd  vitaJ^  We  shall  speak 
of  it  as  the  respiratory  center/* 

Yet,  how  account  for  the  facts  recited  in  the  following 
quotation  from  Noel  Paton's  text***:  "Both  parts  of  the  re- 
spiratory center  are  under  the  control  of  higher  nerve  centers, 
and  through  these  they  may  be  thrown  into  action  at  any  time, 
or  even  prevented  from  acting  for  the  space  of  a  minute  or  so. 
But,  after  the  lapse  of  this  period,  the  respiratory  mechanism 
proceeds  to  act  in  spite  of  the  most  powerful  attempts  to  pre- 
vent it. 

*To  determine  its  mode  of  action  the  influence  of  afferent 
nerves  upon  the  center  must  be  considered. 

"Vagus, — Since  the  vagiis  is  the  nerve  of  the  respiratory 
tract  we  should  expect  it  to  have  an  important  influence  on  the 
center. 

''Section  of  one  vagus  causes  the  respiration  to  become 
slower  and  deeper;  but,  after  a  time,  the  effect  wears  off,  and 
the  previous  rate  and  depth  of  respiration  is  regained. 

" Section  of  both  vagi  causes  a  very  marked  slowing  and 
deepening  of  the  respiration,  which  persists  for  some  time,  and 
passes  off  slowly  and  incompletely.  Xow,  if  after  the  vagi  have 
been  cut,  the  connection  of  the  center  with  the  upper  brain 


■*  The  italics  are  mine. 
oNoel  Paton:    Loc»  cit,,  p.  tSL 
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tracts  is  severedy  the  mode  of  action  of  tlie  center  totally  changes. 
Instead  of  discharging  rhythmically  it  remains  for  a  long  period 
at  rest,  then  the  inspiratory  center  discharges  violently,  causing 
a  strong  and  prolonged,  contraction  of  the  mnscles  of  inspirar 
tion.  This  passes  off,  and  again  a  period  of  rest  of  variable 
duration  sets  in,  to  be  again  interrupted  by  another  more  or 
less  long  and  strong  discharge. 

"Separation  of  the  respiratory  center  from  the  vagi  and 
upper  brain  tracts  brings  about  a  loss  of  its  rhythmic  action, 
but  does  not  stop  its  activity.  The  center  owes  the  rhythmic 
nature  of  its  action  to  afferent  impulses.  These  afferent  im- 
pulses reach  it  normally  through  the  vagi,  but  when  these  are 
cut  the  upper  brain  takes  upon  itselif  the  function  of  maintain- 
ing the  rhythm." 

HowelP'  also  says,  referring  to  the  "midbrain,  at  the  level 
of  the  posterior  colliculi"  (the  corpora  quadrigemina)  a  region 
above  the  medulla  oblongata:  "Martin  and  Booker**  foimd 
that  stimulations  in  this  region  caused  a  marked  increase  in  the 
rate  of  inspiratory  movements  and  finally  a  standstill  in  inspi- 
ration— that  is,  a  complete  tetanic  contraction  of  the  inspiratory 
muscles  lasting  during  the  stimulation.  Lewandowsky®'  hai 
shown  that  section  of  the  brain  stem  at  or  below  the  inferior 
colliculi  caupes  an  alteration  in  the  respiratory  rh3rthm  similar 
to  that  following  section  of  both  vagi.  After  cutting  through 
the  inferior  colliculi  further  sections  more  posteriorly  do  not 
add  to  the  effect.  He  considers  that  there  is  an  automatic  in- 
hibitory center  in  the  midbrain  which  influences  continually 
the  automatic  activity  of  the  medullary  center."  Again,  Ott** 
writes:  "I  have  made  numerous  experiments  to  determine  the 
exact  scat  of  the  polypnoeic  center.  To  establish  a  center  three 
things  are  necessary:  (1)  that  its  abolition  causes  the  phe- 
nomena to  disappear;  (2)  that  irritation — ^mechanical,  chem- 
ical or  electrical — causes  the  phenomena  to  be  present,  and  (3) 
that  the  part  of  the  nervous  system  exhibiting  these  peculiarities 
be  circumscribed  in  extent.     After  numerous  observations  and 


"HoweU:     ''T.  B.  of  Phyaiol.,"  aecond  edition,  p.  640,  1907. 
**  Martin  and  Booker:    Jour,  of  Physiol.,  1,  370,  1878. 
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experiments  it  was  found  that  pressure  upon  the  tuber  cinereum 
with  a  pledget  of  cotton^  or  even  slight  puncture^  increased  the 
normal  respirations  to  the  point  of  polypnoea.  Complete  punc- 
ture in  a  normal  animal  was  followed  by  a  rise  to  106^  F. 
within  two  hours,  even  though  the  animal  was  bound  down 
and  had  been  subjected  to  considerable  shock. 

'*If  now  the  animal  whose  tuber  is  punctured  be  heated, 
there  will  result  no  polypncea,  even  though  a  temperature  of 
107®  P.  be  reached.  I  am  convinced  that  the  tuber  cinereum 
%8  a  center  of  polypncsa  and  thermotaxis." 

A  suggestive  feature  asserts  itself  in  this  connection:  As 
I  have  pointed  out,  and  as  will  be  further  shown  in  the  second 
volume  the  tuber  cinereum  is  precisely  the  region  through  which 
the  nerve  path  from  the  pituitary  body  to  the  adrenals  passes 
to  the  medulla  oblongata,  and  thence,  via  the  spinal  cord  and 
the  sympathetic  nerves  and  ganglia,  to  the  adrenals,  whose  secre- 
tion, we  have  seen,  serves  to  take  up  the  oxygen  of  the  air  and 
to  distribute  it  to  the  tissues,  i.e,,  to  sustain  oxygenation. 
Moreover,  as  emphasized  by  considerable  evidence  submitted 
in  the  second  volume,  the  walls  and  floor  (of  which  the  tuber 
cinereum  forms  part)  of  the  third  ventricle,  are  the  pathways 
of  a  vast  array  of  sympathetic  fibers  which  likewise  pass  from 
the  posterior  or  neural  lobe  of  the  pituitary  (via  the  nucleus 
magnus  grisei)  to  the  medulla  and  cord  and  thence  to  be  dis- 
tributed through  the  sympathetic  chain  and  its  offshoots  to 
all  parts  of  the  body  including  the  lungs.  We  have  here  the 
explanation  of  the  presence  of  so-called  heat  and  respiratory 
centers  in  this  region,  t.e.,  irritation  phenomena  following  the 
experimental  lesions  in  the  course  of  these  nerve-paths, — a  fact 
further  sustained  by  the  observation  of  many  experimenters 
that  removal  of  the  pituitary  body — the  seat  of  the  heat  and 
main  respiratory  centers  in  the  light  of  my  views — is  followed 
by  marked  lowering  of  the  temperature  and  dyspnoea. 

How  does  the  respiratory  center — or  centers,  for  as  stated, 
the  bulbar  center  is  endowed  with  important  functions — influ- 
ence the  respiratory  mechanism?  Before  this  feature  of  tlie 
subject  can  be  analyzed,  a  brief  review  of  the  circulation  and 
innervation  of  the  lungs  may  prove  advantageous. 

The  pulmonary  circulation   as  regards  vascular  distribu- 
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tion  is  succinctly  portrayed  in  the  following  description  by 
Miller,*^^  as  given  by  Bohm  and  von  DavidofP* :  "The  pulmo- 
nary artery  follows  closely  the  bronchi  through  their  entire 
length.  An  arterial  branch  enters  each  lobule  of  the  lung. at 
its  apex,  in  close  proximity  to  the  bronchus.  After  entering  the 
lobule  the  artery  divides  quite  abruptly,  a  branch  going  to  each 
infundibulura ;  from  these  branches  the  small  arterioles  arise 
which  supply  the  alveoli  of  the  lung.  *0n  reaching  the  air-sac 
the  artery  breaks  up  into  small  radicles,  which  pass  to  the 
central  side  of  the  sac  in  the  sulci  between  the  air-cells,  and 
are  finally  lost  in  the  rich  system  of  capillaries  to  which  they 
give  rise.  This  net-work  surrounds  the  whole  air-sac  and  com- 
municates freely  with  that  of  the  surrounding  sacs/  This 
capillary  net-work  is  exceedingly  fine,  and  is  shrunken  into  the 
epithelium  of  the  air-sacs;  so  that  between  the  epithelium  and 
the  capillary  there  is  only  the  extremely  delicate  basement  mem- 
brane. The  infundibula,  the  alveolar  ducts  and  their  alveoli, 
and  the  alveoli  of  the  respiratory  bronchioles  are  supplied  with 
similar  capillary  net-worl's.  The  veins  collecting  the  blood 
from  the  lobules  lie  at  the  periphery  of  the  lobules  in  the  inter- 
lobular connective  tissue,  and  are  as  far  distant  from  the  in- 
tralobular arteries  as  possible.  These  veins  unite  to  form  the 
larger  pulmonary  veyis.  The  bronchi,  both  large  and  small, 
as  well  as  the  bronchioles,  derive  their  blood-supply  from  the 
bronchial  arteries,  wliich  also  partly  supply  the  lung  itself. 
Capillaries  derived  from  these  arteries  surround  the  bronchial 
system,  tlieir  caliber  varying  according  to  the  sttucture  they 
supply:  finer  and  more  closely  arranged  in  the  mucous  mem- 
brane, and  coarser  in  the  connective-tissue  walls.  In  the  neigh- 
borhood of  the  terminal  bronchial  tubes  the  capillary  nets 
anastomose  freely  with  those  of  the  respiratory  capillary  sys- 
tem." To  avoid  confusion  I  may  recall  the  fact  that,  while 
the  pulmonary  artery  and  its  branches  contain  venaiis  blood, 
and  the  bronchial  arteries  and  their  branches  carry  arterial 
blood,  the  pulmonary  veins,  on  the  contrary,  contain  arterial 
blood.    When,  therefore,  bronchial  capillaries  are  said  to  empty 


"Miller:     Journal  of  Morpholof^'^,  vol.  vfil,  p.  165,  1893. 
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into  the  pnlmonary  veins,  it  is  not  used,  or  venous^  blood  that 
is  transferred  to  the  latter,  but  arterial  blood  originally  derived 
from  the  thoracic  aorta  or  its  primary  branches. 

The  lungs,  as  is  well  known,  are  innervated  by  the  vagus 
and  the  sympathetic  system.  These  unite  to  form  plexuses,  the 
anterior  and  posterior,  which  enter  the  organs  with  the  bron- 
chial tubes  and  accompany  them  along  their  ramifications. 
The  anterior  pulmonary  plexus,  made  up  of  vagal  and  sym- 
pathetic filaments,  overlies  the  pulmonary  artery,  while  the 
richer  posterior  pulmonary  plexus,  composed  also  of  vagal 
filaments,  intermixed  with  sympathetic  fibers  from  the  second, 
third,  and  fourth  thoracic  ganglia,  follows  the  bronchi  to  their 
ultimate  subdivisions. 

According  to  prevailing  views,  the  vagus — ^both  its  sensory 
and  motor  fibers — ^is  alone  regarded  as  the  intermediary  between 
the  respiratory  center  and  the  organs  of  respiration,  but  as 
shown  in  the  second  volume,  the  neural  lobe  of  the  pituitary 
also  contains  the  sympathetic  center.  This  proximity  to  the 
respiratory  center  and  the  important  r61e  the  B}Tnpathetic  plays 
in  respiration  pointedly  suggest  that  botli  centers  are  func- 
tionally united. 

Indeed,  there  is  good  ground  for  the  belief  that  the  experi- 
mental phenomena  now  ascribed  to  the  vagus  are  partly  of 
sympathetic  orifijin — syinpatlietic  in  the  sense  that  they  are 
essentially  vasoconstrictor  as  in  other  organs  previously  re- 
viewed. Sappey,  for  instance,  writes"" :  "Section  of  both  pnoii- 
mogastrics  in  the  median  portion  of  the  nook  not  only  abolishes 
the  sensibility  of  the  respirator}-  mucous  nionibrane  and  para- 
lyzes the  internal  respiratory  muscles;  it  also  involves  as  con- 
sequence a  mucous  effusUni  into  the  bronchi,  engorgement  of 
the  lungs,  emphysema  of  those  organs,  and  a  very  sensible 
diminution  in  the  number  of  inspirations."  We  have  in  the 
pulmonar}'  engorgement  an  ovidcnt  result  of  variation  of  vas- 
cular caliber,  and  inasmuch  as  we  are  dealing  with  a  dirisioti 
of  the  nerve,  the  efToot  on  the  vessel  must  have  boon  one  of 
relaxation.  On  the  other  hand,  we  have  in  the  paralysis  of 
the  internal  respiratory  muscles  evidence  that  a  motor  nerve — 
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a  vasodilator^  or  stricto-dilator^  in  our  sense — was  also  severed. 
These  dual  phenomena  indicate  that  the  vagus,  as  we  have  seen 
in  the  case  of  the  heart,  must  have  contained  vasoconstrictor, 
i.e,,  sympathetic  fibers. 

The  presence  of  vasoconstrictor  fibers  is,  in  fact,  generally 
recognized.  Frangois-Franck,  in  1881,  showed  that  the  sym* 
pathetic  nerves  distributed  to  the  lungs,  caused  vasoconstriction, 
tliese  fibers  being  stimulated  at  the  entrance  into  the  lungs. 
Bradford  and  Dean"®  also  demonstrated  the  presence  of  vaso- 
motor nerves  in  these  organs  after  a  series  of  exhaustive  experi- 
ments. In  a  subsequent  study  of  the  subject  Frangpis-Franck** 
noted  the  paradoxical  fact  that  vasoconstriction  of  the  pulmo- 
nary vessels  caused  the  lungs  to  swell,  instead  of  being  reduced 
in  volume.  This  is  readily  accounted  for  when  it  ia^recalled 
that  the  vasoconstriction  applies  only,  in  the  light  of  my  views, 
to  the  arterioles.  These  small  pre-capillary  vessels  being  con- 
stricted, the  arterial  blood  was  dammed  up  behind  the  seat  of 
obstruction  in  Frangois-Franck's  experiment,  thus  causing  the 
larger  portions  of  the  vessel,  which  are  not  governed  by  the 
sympathetic,  to  dilate. 

A  source  of  confusion  asserts  itself  in  this  connection,  how- 
ever, which  we  have  also  encountered  while  studying  the  heart. 
The  experiments  of  Rose  Bradford  and  Dean"  are  thus  referred 
to  by  Frangois-Franck :  *They  carefully  sought  the  points  of 
emergence,  from  the  cord,  of  the  filaments  which  cause  eleva- 
tion of  pulmonary  pressure  and  lowering  of  aortic  pressure: 
that  is  to  say,  pulmonary  vasoconstriction.  These  were  located 
from  the  second  to  sixth  dorsal,  and,  in  respect  to  maximum 
effects,  on  a  level  with  the  third,  fourth,  and  fifth  nerves.  The 
pulmonary  vasoconstrictors  ascend  the  chain  up  to  the  first 
thoracic  ganglion,  where  they  become  detached,  to  reach  the 
pulmonary  plexuses.^^  The  salient  feature  of  the  topography  of 
these  nerves  is  that  the  lower  limit  of  the  ganglionic  chain 
through  which  they  pass  happens  to  be  the  upper  limit  of  the 
ganglia  from  which  the  splanchnic  nerves  that  ultimately  carry 
impulses  to  the  adrenals  are  given  oflP.     While  the  pulmonary 
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vasocoiiBtrictors  which  pass  directly  to  tlie  lungs  from  the  first 
thoracic  to  the  pulmonary  plexuses  are^  as  generally  taught^ 
true  vasoconstrictors,  the  presence  in  the  second,  third,  and 
fourth  ganglia  of  the  sympathetic  chain,  of  the  nerves  to  the 
adrenals  suggests  that  many  vasoconstrictor  phenomena  attrib- 
uted to  the  direct  action  of  nerves,  should  be  ascribed  to  an 
increase  of  adrenal  secretion  in  the  blood.  Indeed  Jacobi®^ 
found  that  intense  vasoconstriction  of  the  intestinal  vessels 
(inhibition)  produced  by  excitation  of  the  splanchnic  was 
replaced  by  ordinary  vasoconstriction  after  the  suprarenal 
nerves  had  been  cut. 

The  fact,  moreover,  that  the  introduction  of  adrenal  extract 
into  the  circulation  produces  general  vasoconstriction  is  well 
knoi¥n.  Mankowsky,**  for  example,  noted  "a  great  increase  in 
blood-pressure  and  stimulation  of  the  cardiac  and  respiratory 
centers.'*  This  occurrtHi  "even  when  the  animals  (dogs)  were 
under  the  influence  of  chloroform,  morphine,  or  chloral  hy- 
drate.** "In  cats,  says  Swale  Vincent,'"  %y  far  the  most  notice- 
able feature  was  an  enormous  rapidity  of  the  respiratory  move- 
ments in  the  early  stage."  The  two — now  familiar — stages 
that  occur  under  the  influence  of  toxic  doses  of  suprarenal 
extract,  as  well  as  under  that  of  other  poisons,  are  well  illus- 
trated in  the  followinfc  observation  bv  the  same  investigator: 
"In  the  early  stage  of  poisoning  respiration  is  quick  and  shallow 
and  the  heart  is  excited.  Subsequently  the  breathing  and  heart- 
beats become  feeble,  and  finally  the  respiration  is  deep  and 
infrequent."  Finally,  the  fact  that  all  these  phenomena  are 
independent  of  the  cord  has  be(»n  shown  by  Biedl,****  who,  as 
we  have  seen,  obtained  marked  incrense  of  blood-pressure  after 
injections  of  suprarenal  extract,  notwithstanding  the  fact  that 
all  the  spinal  structures  had  been  removed. 

This  does  not  mean  that  the  adrenal  soorotion  fulfills  anv 

ft 

particular  function  in  the  lungs  other  than  that  of  taking  up 
oxygen  therein ;  it  is  only  intended  to  show  that  excitation 
of  the  splanchnic  nerve  may  suggest  the  presence  of  pulmonary 
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vasoconstrictor  nerves  in  this  great  nerve-path,  when  the  vaso- 
constrictor effects  witnessed  in  the  lungs  are  in  reality  due  to 
the  presence  in  the  blood,  as  a  result  of  splanchnic  stimulation, 
of  an  excess  of  adrenal  secretion. 

As  to  the  role  of  the  vagus  in  the  respiratory  organs,  our 
views  differ  from  those  at  present  taught  only  in  that  they 
explain,  as  was  the  case  with  other  organs,  haw  the  physiolog- 
ical phenomena  are  produced. 

I  have  briefly  referred  to  the  manner  in  which  the  vagal 
fibers  are  distributed  in  the  lungs.  Sappey**  also  studied  the 
distribution  of  vagal  nerves  in  the  lungs  of  mammals,  including 
particularly  those  of  man,  the  ox,  and  horse,  and  reached  the 
following  conclusions:  *^1.  They  follow  the  subdivisions  of  the 
air-tree  to  their  terminal  extremities;  they  do  not  leave  these 
subdivisions  and  follow  them  to  the  lobules.  2.  All  those  that 
leave  th3  anterior  pulmonary  plexus  and  the  much  greater 
number  given  off  by  the  posterior  pulmonary  plexus  preserve 
their  plexiform  arrangement  throughout  their  entire  distribu- 
tion ;  their  meshes  are  elongated  only  in  the  line  of  their  axis, 
each  thus  constituting  an  elongated  ellipse.  3.  Their  ramifica- 
tions, essentially  destined  for  the  muscular  coat  of  the  bronchi 
and  respiratory  mucous  membrane,  have  no  connection  with 
the  blood-vessels."  Berdal,  on  the  other  hand,  confirms  this, 
and  indicates  the  role  of  the  sympathetic  terminals  in  the  fol- 
lowing lines:  "The  branches  of  the  penumogastric  are  destined 
for  the  bronchi;  the  branches  of  the  great  sympathetic  are 
lost  in  the  walls  of  the  arteries." 

The  statement  of  Sappey  that  the  vagal  ramifications  of 
the  vagus  have  no  connection  with  the  blood-vessels,  introduces  a 
feature  of  importance  which  applies  to  all  other  organs  reviewed, 
viz.:  that  besides  the  vasodilator  and  vasoconstrictor  nerves 
which  govern  the  function  of  any  organ,  there  are  sensory  ter- 
minals which;  as  such,  transmit  afferent  impulses  to  the  centers 
(primary  or  subsidiary)  which  govern  the  local  blood  supply. 
Indeed,  we  have  seen  that  section  of  the  vagi  in  the  neck 
caused  loss  of  sensation  in  the  respiratory  mucous  membrane, 
paralyzed  the  bronchial  muscles,  and  gave  rise  to  effusion  of 
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mnciis  into  the  bronchi  and  engorgement  of  the  lungs.  How 
can  all  these  phenomena  be  accounted  for  without  granting  sen- 
sory as  well  as  motor  and  vasomotor  functions  to  the  vagal 
supply?.  Loss  of  sensation  points  to  inhibited  function^  and  not 
to  engorgement  of  the  bronchial  mucous  membrane.  And  yet 
we  may  have  engorgement  without  fimctional  erethism,  if  it 
is  due,  not  to  the  presence  of  blood  fully  charged  with  oxygen, 
but  to  blood  which,  through  the  very  fact  of  being  dammed 
up  in  the  vascular  channels,  is  reduced  therein  to  practically 
the  condition  of  venous  blood.  The  effusion  of  mucus  into  the 
bronchi  and  pulmonary  engorgement  would  occur  as  normal 
consequences  of  such  a  state  of  things.  But  how  account  for 
this  vascular  dilation  without  granting  such  attributes  to  iho 
vagal  plexuses? 

Again,  the  fact  that  cutting  of  both  nerves  in  the  neck 
gave  rise  to  paralysis  of  these  muscles  points  to  another  sug- 
gestive feature,  namely :  that  the  vagus  must  incite  and  govern 
the  motor  impulses  to  these  muscles,  besides  presiding  over 
the  functional  variations  of  caliber  of  their  vessels.  If  we 
now  add  to  these  manifestations  of  efferent  nervous  activity 
those  of  afferent  activity  suggested  by  the  loss  of  sensation 
over  the  bronchial  mucous  membrane,  it  seems  clear  that  we 
have  in  the  vagal  nerves  referred  to  an  autonomous  supply  espe- 
cially devoted  to  the  function  of  the  bronchial  tubes  and  their 
ramifications  down  to  —  but  not  including  —  the  pulmonary 
lobule.  The  importance  of  this  fact  asserts  itself  wlien  we 
realize  that  it  accounts  for  the  complete  isolation  of  bronchial 
affections  from  those  of  the  parenchyma,  and  gives  us  a  clue 
to  their  original  cause. 

My  opinion  that  the  vagus — as  motor  nerve — acts  in  the 
lungs  as  elsewhere,  i.e.,  as  strict o-dilator  nen'o,  is  sustained  by 
experimental  evidence.  As  Noel  Paton  writes'^'':  "Strong 
stimulation  of  the  pulmonary  branches  of  one  vagus  (below  the 
origin  of  the  superior  laryngeal)  causes  the  respiration  to  be- 
come more  and  more  ra})i(l,  the  inspiratory  phase  being  chiefly 
accentuated.     If   the  stimulus  is  very   strong  respirations   are 
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8to])ped   in  the  phase  of  inspiration.     Weak  stimuli^  on  the 
other  hand,  may  cause  inhibition  of  inspiration. 

*'Such  experiments  prove  that  impulses  are  constantly  trav- 
eling from  the  lungs  to  the  center  whereby  the  rhythmic  activity 
of  the  center  is  maintained. 

''How  do  these  impulses  originate  in  the  lungs?  Appa- 
rently from  their  alternate  expansion  and  contraction. 

''If  the  lungs  be  forcibly  inflated — e.g.,  with  a  bellows — 
the  inspiration  becomes  feebler  and  feehler  and  finally  stops. 
The  nature  of  the  gas,  if  non-irritant,  with  which  this  infla- 
tion is  carried  out  is  of  no  consequence.  If,  on  the  other  hand, 
the  lungs  be  collapsed  by  sucking  air  out  of  them,  the  inspira- 
tion becomes  more  and  more  powerful,  and  may  end  in  a  spasm 
of  the  inspiratory  muscles. 

''This  shows  that  with  each  expiration  a  stimulus  passes  up 
the  vagus  which  acts  upon  the  inspiratory  center  to  make  it 
discharge.  The  vagus  is  thus  a  true  excito-motor  nerve,  mak- 
ing the  center  act  in  a  reflex  manner.  With  each  collapse  of 
the  lung  the  vagus  is  thro\^Ti  into  action,  as  the  lungs  expand 
it  ceases  to  act,  and,  as  a  result,  the  inspiratory  center  stops , 
acting,  the  muscles  of  inspiration  cease  to  contract,  and  expira- 
tion occurs. 

''While  ordinary  respiration  may  thus  be  considered  as  a 
rliythinic  reflex  act,  it  must  not  be  forgotten  that  the  respira- 
torv  center  can  and  does  act  rhvthmicallv  under  the  influence 
of  the  hi<rher  center,  or  a-rhytlimically  and  spasmodically  when 
these  as  well  as  the  vagi  are  severed  from  it." 

The  mode  of  action  of  the  vagus  as  a  "true  excito-motor 
nerve*'  is  thus  subject  in  a  great  measure  to  the  respiratory 
centers — the  main  one  of  which,  in  the  light  of  my  views  is 
located  in  the  neural  lobe  of  the  pituitary  body.  The  vagal 
sensory  terminals  of  the  bronchi  transmit  sensory  impulses  to 
this  center  and  excito-motor  impulses  are  transmitted  by  it  to 
the  entire  respiratory  apparatus,  including  the  thoracic  respira- 
torv  muscles.  The  manner  in  which  all  these  muscles  are 
excited  to  increased  activity  by  the  efferent  or  excito-motor  vagal 
fibers  does  not  differ  from  that  of  all  organs  reviewed :  an  excess 
of  blood  is  admitted  into  the  contractile  elements,  through  dila- 
tion of  its  arterioles.     An  excess  of  blood-plasma  laden  with 
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oxidizing  substance  is  admitted,  as  previously  shown,  to  the 
myosinogen  of  the  muscular  elements,  where  inspiration  is 
in  order;  hence  the  f^pt  that  strong  excitation  of  the  vagus 
"causes  the  respiration  to  become,"  as  Paton  says,  "more  and 
more  rapid,  the  inspiratory  phase  being  chiefly  accentuated." 
When — ^physiologically — excessive  inspiration  is  to  cease,  the 
sympathetic  vasoconstrictors  come  into  play:  they  restore  the 
muscular  arterioles  to  their  normal  caliber;  less  blood  is  ad- 
mitted to  the  muscular  elements  and  the  inspirations  resume 
their  normal  rhythm. 

But  a  third  factor  must  now  be  taken  into  account:  that 
represented  by  the  functions  of  the  adrenals.  And  from  the 
standpoint  of  the  clinician,  this  factor  is  by  far  the  most  im- 
portant of  all  the  physiological  phenomena  of  the  function  of 
respiration.  Indeed  as  will  be  shown  in  the  second  volume, 
dyspnoea  is  often  the  result  of  adrenal  insuflBciency,  the  adrenal 
secretion  produced  being  inadequate  to  sustain  the  oxygenation 
of  the  body  at  large.  Again,  Miller,  we  have  seen,  refers  to 
the  subdivision  of  the  pulmonary  artery  "which  divides  quite 
abruptly,  a  branch  going  to  each  inf undibulum" ;  from  the  lat- 
ter "small  arterioles  arise  which  supply  the  alveoli,"  while  these 
on  reaching  the  air-sac  are  said  to  culminate  in  "the  rich  sys- 
tem of  capillaries  to  which  they  give  rise."  If  the  "small  arteri- 
oles which  supply  the  alveoli"  are  abnormally  dilated  through 
some  general  dyscrasia  and  the  stream  of  venous  blood  of  oxy- 
genation of  the  adrenal  secretion  it  contains  is  thus  imperfectly 
exposed  to  the  air,  we  have  a  logical  explanation  of  the  well 
known  beneficial  action  of  belladonna — a  sympathetic  stimulant 
which,  as  we  will  see,  causes  constriction  of  the  arterioles,  and 
of  potassium  iodide,  a  powerful  adrenal  stimulant. 

That  fluctuations  in  the  secretorv  activity  of  the  adrenals 
may  provoke  dyspncpa  is  well  illustrated  by  the  effects  of  all 
drugs  that  are  sufficiently  active  to  markedly  affect  adrenal 
functions.  The  action  of  venoms  even  more  strikingly  shows 
the  morbid  connection  that  exists  between  variations  of  supra- 
renal activity  and  pulmonary  functions,  even  the  stage  of  blood- 
disintegration  being  sometimes  reached.     No6,®®  for  instance, 
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refers  to  the  many  observers  who  have  reported  intense  respira- 
tory phenomena  after  cobra-bites.  Viper-venom  was  also  found 
by  Phisalix  to  produce  at  first  "accelerated  respiration/'  then 
"sonmolence,  with  slowing  of  respiration .''  Bee-venom  in  suf- 
ficient quantity  gives  rise  to  dyspnoea,  according  to  Paul  Bert, 
black  blood  being  found  in  the  vessels.  Toad-,  salamander-^ 
scorpion-,  and  eel-  venoms  were  found  to  affect  respiration  in 
a  similar  manner.  Mosso  noted  that  the  process  of  death  varied 
with  the  dose:  medium  doses  first  arrest  respiration,  then  the 
heart;  stronger  doses  arrest  both  simultaneously.  Paralysis 
of  the  motor  end-plates  had  evidently  nothing  to  do  with  this 
process,  since  ^losso  found  the  thoracic  nerves  responsive  to 
the  induced  current. 

Eemoval  of  the  adrenals  under  these  conditions  should 
give  rise  to  phenomena  similar  to  a  violent  dose  of  venom. 
Cybulski  not  only  observed,^®  under  such  conditions,  marked 
dyspnoea,  a  fall  of  the  vascular  pressure  to  zero,  and  haemo- 
globinuria,  but  also  found  that  the  injection  into  the  veins 
of  an  aqueous  10-per-cent.  solution  of  suprarenal  extract  "im- 
mediately caused  these  phenomena  to  disappear.'*  Boinet'^ 
states  that  after  removal  of  both  organs  in  a  large  number 
of  rats  the  respiration  became  "slow,  painful,  and  difficult." 
Briefly,  the  functions  of  the  adrenals  are  as  important  features 
of  the  respiratory  function  as  any  of  those  generally  recognized. 
It  is  now  possible  to  understand  why  the  nerve  paths  of  the 
heat  and  respiratory  centers  are  so  intimately  related  in  the 
third  ventricle.  Originating  from  a  common  center,  the  pitui- 
tary body,  the  vagal,  sympathetic  and  adrenal  nerves,  jointly 
project  from  their  common  source,  the  pituitary  body,  to  reach, 
by  way  of  the  tuber  cinereum,  the  walls  of  the  third  ventricle 
and  the  midbrain,  the  medulla  oblongata,  where  they  form 
subsidiary  (and  probably  coordinating)  centers  whence  the  im- 
pulses to  the  respiratory  organs  are  transmitted. 

The  newer  features  of  the  nervo-vascular  mechanism  of 
(ordinary  tranquil)  respiration  which  I  submit  in  tlie 'fore- 
going pages,  pending  additional  evidence  and  detail,  may  be 
summarized  as  follows: — 


^  Cybulski :    Oazeta  Lekarska,  March  23,  1895. 
"Boinet:    Loc.  cit. 
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i.  The  bulbar  respiratory  center  is  not,  as  now  believed, 
the  sole,  or  even  the  most  important,  center  of  this  class;  it  is 
a  subsidiary  and,  probably,  a  co-ordinating  center, 

2,  The  primary  and  chief  respiratory  center  is  located  in 
the  pituitary  body  and  consists  of  three  functionally  related 
centers,  the  adrenal,  vagal,  and  sympathetic  centers,  which,  in 
turn,  are  connected  by  nerve-chains  with  the  corresponding  sub- 
sidiary centers  in  the  bulb,  and  govern,  through  the  interme- 
diary of  the  latter,  the  respiratory  mechanism. 

The  chief  respiratory  center  carries  on  its  functions  as  fol- 
lows:— 

Its  adrenal  center,  by  governing  the  production  of  the 
adrenal  secretion,  which  takes  up  the  oxygen  of  the  air  and 
forms  the  albuminous  constity£nt  (96  per  cent,)  of  haemoglobin, 
regulates  the  proportion  of  this  oxidizing  substance  {the  adrenoxi- 
dase)  supplied  to  the  blood. 

Its  vagal  center,  acting  through  the  vagus  (the  intercosials 
and  phrenic)  as  excito-motor  (siricto-dilator)  nerves  of  inspira- 
tion, provoJces  contraction  of  the  muscles  which  dilate  the  larynx, 
the  bronchi,  and  the  thorax  and  depress  the  diaphragm,  and  thus 
increase  the  intake  of  air  by  the  lungs,  i.e.,  the  supply  of  oxygen 
from  which  the  adrenal  secretion  and  the  hcemoglobin  absorb 
oxygen  to  distribute  it  to  the  tissues, 

lis  sympathetic  center,  acting,  through  the  sympathetic 
nervous  si/stem,  as  antagonist  of  the  vagal  center  to  provoke 
expiration,  causes  all  the  above-mentioned  respiratory  muscles 
to  relax  passively  (ht/  constricting  their  arterioles),  tlms  en- 
abling the  larynx  and  bronchi  to  resume  their  normal  caliber, 
the  thorax  to  contract,  and  the  diaphragm  to  rise,  in  order  to  in- 
sure the  expulsion  of  the  expiratory  air  laden  with  carbonic  acid, 

THE    ADRENAL   SYSTEM   AND    THE   KIDNEYS. 

The  belief  that  the  kidneys  are  the  source  of  an  internal 

secretion  dates  hack  to  1809,  when  Brown-Sequard  showed  that 

injections  of  renal  extract  postponed  the  development  of  uremia 

in  nephrcctoniized  animals,  and  prolon<red  life.     Lepine  found 

in  addition  that  a  filtrate  of  a  waters^  extract  of  kidnev  caused 

a    rise   of    temperature    and    dyspnea.      Moreover,    Oliver    and 

Schafer  showed  in  1898  that  a  cold-water  extract  of  fresh  kid- 
so 
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iiey,  when  injected  intravenously  iu  rabbits,  soon  produced  a 
more  or  less  marked  rise  of  the  blood-pressure.  This  observa- 
tion has  been  sustained  by  Bingel  and  Strauss/'  who  isolated 
the  pressor  substance  and  called  it  "rennin.^^  Conversely, 
Pearce^*  found  that  extracts  of  the  kidneys  of  dogs  with  experi- 
mental uranium  and  chromium  nephritis,  prepared  at  a  time 
when  the  urine  is  free  of  the  normally  present  depressor  sub- 
stance, have  no  pressor  effect.  Pearce  holds  that  it  is  thereby 
conclusively  shown  tliat  the  dog's  kidney  does  not  contain  a 
pretisor  substance.  Yet,  so  many  observers  have  confirmed  the 
results  of  Oliver  and  Schafer  that  for  the  time  being,  at  least, 
the  presence  of  a  pressor  substance  in  the  kidney  must  be 
regarded  as  at  least  probable. 

In  the  light  of  the  data  I  liave  adduced,  however,  none  of 
the  above  phenomena  can  be  attributed  to  a  renal  internal  secre- 
tion: They  represent  merely  the  effects  of  extracts  of  adrenal 
rests  contained  in  renal  tissue.  Evidence  to  this  effect  is 
submitted  in  the  section  on  the  organotherapy  of  kidney  sub- 
stance on  page  703  of  the  present  volume.  The  existence  of 
adrenal  rests  is  the  recognized  source  of  hypernephromata  (see 
page  129)  ;  indeed,  Ijcwandowsky  found  that  the  effects  obtained 
from  renal  venous  blood  differed  in  no  way  from  corresponding 
quantities  of  venous  blood  obtained  elsewhere  in  the  body.  As 
to  the  rise  of  temperature,  the  elevated  blood-pressure,  and  the 
dyspnea,  they  are  all  typical  effects  of.  adrenal  extracts.  Fuchs 
and  Kotli^*  found  that  adrenalin  increased  niarkedlv  the  intake 
of  oxygen  and  the  output  of  carbon  dioxide,  while  Eeichert, 
Lepine,  and  ^lorel  noted  that  adrenal  extracts  increased  the 
tenijxjrature  along  with  the  blood-pressure.  Oliver  and  Schafer 
not  only  demonstrated  the  latter  phenomenon,  but  also  the  fact 
that  adrenal  extracts  produced  dyspnea  and  could  even  arrest 
respiration.  This  observation,  which  was  recently  confirmed  by 
Langlois  and  Garrelon,  is  obviously  due  to  toxic  spasm  of  the 
respiratory  muscles,  the  precursor  of  the  convulsions  witnessed. 
As  to  the  benefit  obtained  with  renal  extracts,  they  were  simply 
due  to  the  detoxicatory  action  of  the  adrenal   principle  first 


"  BIngel  and  Strauss:    Deut.  Archiv  fOr  klin.  Med.,  B.  xcvi,  S.  476,  1909. 

^"  Pearce:    Archives  of  Intern.  Med.,  March,  1912. 

'*  Fuchs  and  Roth:    Zeitsch.  f.  Pathol,  u.  Ther.,  B.  x,  p.  187,  1912. 
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pointed  out  by  Langlois  and  now  generally  recognized.  On  the 
whole,  the  following  conclusion  seems  to  me  warranted. 

No  internal  secretion  of  the  kidneys  exists;  all  effects  of 
renal  extracts  witnessed  are  due  to  the  adrenal  principle  the 
kidney  normally  contains. 

What  evidence  is  available  tends  to  show  that  the  kidneys 
are  closely  related  functionally  with  the  ductless  glands  and 
with  the  adrenals  in  particular. 

As  stated  by  Howell/*  "the  kidneys  receive  a  rich  supply 
of  nerve-fibers/'  although  "most  histologists  have  been  unable 
to  trace  any  connection  between  these  fibers  and  the  epithelial 
cells  of  the  kidney  tubules."  Interpreted  from  my  viewpoint 
such  a  connection  is  not  in  the  least  necessary,  since,  as  shown 
by  Claude  Bernard,  the  function  of  an  organ  is  dependent 
upon  the  volume  of  arterial  blood  circulating  through  it.  My 
view  is  fully  sustained  by  the  prevailing  doctrine,  since,  as 
Howell  says,  the  marked  effects  obtained  during  purely  physio- 
logical experiments  are  "all  explicable  by  the  changes  produced 
in  the  blood-flow  through  the  organ."  It  becomes  a  question, 
therefore,  as  to  how  and  by  what  nen^es  this  blood-flow  is  regu- 
lated, for,  as  stated  by  Stewart,^*  "increased  blood-flow  entails 
increased  secretion." 

That  the  vasodilation  nwessary  to  the  inception  of  an  ex- 
acerbation of  function — as  it  is  in  the  submaxillary  glainl — 
occurs  in  the  kidney  as  well  as  in  the  organs  previously  reviewed, 
is  shown  by  the  experiments  of  Bradford,^^  who  found  that 
vasodilator  nerves  entered  the  kidnev  with  the  vascK'onstrictor 
fibers,  and  that  when  the  anterior  roots  of  the  eleventh,  twelfth, 
and  thirteenth  dorsal  nerve  roots  were  stimulated  with  induc- 
tion shocks  one  second  apart,  the  organ  swelled  though  no 
suflficiently  marked  rise  of  blood-pressure  occurred  to  account 
for  it. 

Stewart'"*  also  states  that  the  presence  of  dilator  fibers 
for  the  kidnev  has  been  "demonstrated  in  the  splanchnic  nerves.*' 
That  it  is  these  vasodilators  which  enhance  the  flow  of  urine 
is  sustained  by  the  prevailing  opinion  that  true  secretory  nerves, 

^Howell:    T.  B.  of  Physiol.,  second  edition,  p.  763,  1907. 
'•Stewart:     Lor.  cit.,  p.  419. 

^  Bradford:    Jour,  of  Physiol.,  vol.  x,  p.  358,  1889. 
"Stewart:    Lov.  vit.,  p.  152. 
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i.e.,  nerves  influencing  directly  tlie  epithelial  elem^its^  are  not 
present  in  the  kidney. 

The  source  of  these  renal  vasodilator  nerves  is  disclosed 
by  the  fact  that  it  is  only  by  stimulating  the  splanchnic  that 
the  caliber  of  the  renal  arteries  is  increased.  Indeed,  Eckhard^* 
found  that  stimulation  of  the  vagi  below  the  diaphragm  does 
not  influence  the  flow  of  urine.  This  imposed  the  conclusion 
that  even  the  vasodilators  of  the  kidney  belong  to  the  sym- 
pathetic system.  This  is  confirmed  by  the  researches  of  Berk- 
jpyHo  ^iiich  showed  that  "the  innervation  of  the  kidney  is  de- 
pendent directly  upon  the  great  sympathetic;  and  histologically 
speaking,  it  is  found  that  all  the  nerves  of  the  glands  belong  to 
the  non-medullated  type."  Briefly,  the  vasodilator  nerves  of 
the  kidney  which  promote  the  flow  of  urine  belong  to  the  sym- 
pathetic system. 

How  are  the  arteries  restored  to  their  normal  caliber — 
that  compatible  with  the  normal  excretion  of  urine? 

In  the  light  of  the  conclusions  submitted  in  the  foregoing 
pages  the  kidneys  should  receive  filaments  capable  of  causing 
constriction  of  the  renal  arteries  wlien  the  excretory  activity  of 
the  organs  is  to  be  decreased.  That  such  is  the  case  has  been 
shown  experimentally  by  many  observers.  In  the  dog,  the 
vasoconstrictor  nerves  leave  the  cord,  according  to  Stewart,  ^^y 
the  anterior  roots  of  the  sixth  tlioracic  to  the  second  lumbar 
nerves  and  especially  the  last  three  thoracic."  Langley®^  ob- 
sen-ed  prompt  and  groat  pallor  of  the  kidney  and  upper  part 
of  the  ureter  on  stimulating  the  first  lumbar  nerve,  and  slower, 
though  still  great,  pallor  on  stimulating  the  second  lumbar  in 
the  cat.  As  stated  by  Starling**-  a  rise  of  the  general  blood- 
pressure  coincides  with  marked  shrinkage  of  the  kidney,  so 
that  the  effects  observed  by  Langley  must  be  of  vasomotor  origin. 
Moreover  various  toxics  known  to  raise  the  vascular  pressure 
produce  effects  similar  to  stimulation  of  the  renal  vasomotor 
nerves.  Thus  Sakussow^^  recently  found  that  digitalin  in  1 
to  1,000,000  solution  caused  contraction  of  the  renal  vessels. 


"►Eckhard:    Cited  by  Starling.  SchWer's  "T.  B.  of  Physiol./*  vol.  I,  p.  645. 
««  Berkley:    Jour,  of  Path,  and  Bact.,  vol.  i,  p.  406,  1893. 
«  Langley:    Schftfer's  "T.  B.  of  Physiol.,"  vol.  11,  p.  643. 
w  starling:    Ibid.,  vol.  i.  p.  645. 
^Sakussow:    Vratcb,  April  10,  1904. 
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The  same  effect  was  obtained  from  a  1  to  1,000,000  solution  of 
adrenalin.  The  latter  result  accounts  for  the  fact  that  Brad- 
ford** obtained  renal  vasoconstriction  by  stimulating,  besides 
the  nerves  included  within  the  above  limits,  the  fourth  and 
fifth  thoracic,  thus  including  among  those  stimulated  the  fibers 
which  pass  to  the  splanchnic  and  thence  to  the  kidneys.  He 
found,  however,  that  the  most  active  vasomotor  nerves  were  those 
of  eleventh,  twelfth,  and  thirteenth  thoracic.  That  all  these 
filaments  are  distributed  to  the  arterioles  in  the  organs  has  not 
only  been  established  histologically,  but,  as  stated  by  Bohm, 
Davidoff,  and  Huber,**  "from  the  plexuses  surrounding  the  ves- 
sels small  branches  are  given  off  which  end  on  the  muscle-cells 
of  the  media. 

As  to  the  source  of  the  vasoconstrictor  fibers,  it  corresponds 
with  that  of  the  vasoconstrictors  supplied  to  other  abdominal 
organs,  the  splanchnic.  Thus  Nollner"^  and  others  have  traced 
these  nerves  from  the  sympathetic  chain  through  the  great  and 
small  splanchnics  to  the  solar  plexus,  and  thence  to  a  network 
of  fibers  lying  in  the  fat  between  the  adrenal  and  the  kidney. 
Several  of  the  filaments  were  found  by  Xollner  to  enter  the 
latter  with  the  renal  artery. 

We  thus  find  ourselves  in  the  presence  of  the  suri)rising 
fact  that  both  the  vasodilator  and  vasoconstrictor  n(Tves  of  the 
kidneys,  those  which  preside  over  tho  functirnis  of  ih<*s(>  orpins, 
are  of  sympathetic  ori^nn.  Indeed,  as  will  be  shown  lat^M',  this 
is  a  characteristic  of  the  adrenals,  these  or^'-an?^  and  the  kidneys 
working  in  hannony:  the  adrenals  l)y  supplying,  as  we  liave 
seen,  the  oxidizing  substance  of  the  })lood,  wliicli  t4ik(»s  part, 
among  other  functions,  in  the  disinte^rration  or  proteolysis  of 
waste-products  in  order  to  convert  them  into  eliniinahle  end- 
products;  the  kidneys,  j)y  insuring  the  excretion  of  these  end- 
products  from  the  system. 

This  accounts  for  various  observations  tliat  present  knowl- 
edge fails  to  explain.  Thus  Aul)ertin  and  Anil)ert'*^  found 
concomitant  lesions,  })oth  on  naked  eye  and  niieroseopieal  exami- 
nation, in  the  adrenals  and   kidneys  in  all  cases  of  nephritis 


••Bradford:    Jour,  of  PhyBiol.,  vol.  x,  p.  35S.  18%. 

»n6hm,  Davidoff.  and  Huber:     Lor.  nt.,  p.  3^5,  IJWn. 

■•  NoUner:     Bcitr&Ko  z.  Anat.  u.  Physiol,  v.  Erkhard,  R.  Iv,  S.  139,  1869. 

*"  Aubertin  and  Ambert:    Tribune  m^dicale,  p.  119,  1904. 
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studied  by  them  characterized  by  high-pultse  tension.  The  lat- 
ter phenomenon  suggests  that  while  an  excess  of  adrenal  secre- 
tion was  being  produced — this  product  and  adrenalin  causing, 
as  is  well  known,  a  marked  rife  of  the  vascular  tension — the 
kidneys  had  also  been  overworked  in  these  cases,  i.e.,  excessive 
excretory  activity  had  brought  on  the  nephritis.  In  other  words, 
marked  increased  functional  activity  of  the  kidneys,  as  repre- 
sented by  renal  vasodilation,  should  coincide — since  the  ad- 
renals are  simultaneously  stimulated — ^with  increased  vascular 
tension.  This  has  l>een  actually  observed  experimentally  by 
Cavazzani,*'  though  unexplained  by  him.  He  found  that  urea 
caused  simultaneously  expansion  of  the  kidney — and  therefore 
an  increased,  production  of  urine — and  general  vasoconstriction. 
Puncture  of  the  floor  of  the  fourth  ventricle  (Bernard's  piqure) 
produces  glycosuria  through  the  intermediary  of  the  adrenals, 
as  will  be  shown  elsewhere;  a  similar  puncture  also  produces, 
as  stated  by  Stewart,  "a  copious  flow  of  urine.''  We  need  not 
go  beyond  common  experience  to  find  ample  proof  of  the  fact 
that  polyuria  ia  a  prominent  symptom  of  diabetes,  i.e.,  that  the 
adrenals  and  the  kidneys  work  in  harmony.  The  importance  of 
this  relationship  asserts  itself  when  the  obscurity  surrounding 
the  question  is  recalled.  Thus  referring  to  polyuria,  Hensell, 
Well,  and  Jelliffe""  mention  their  observation  that  *^it  is  common 
to  two  diseases — diabetes  mellitus  and  chronic  interstitial 
nephritis — ^but  in  either  case  a  clear  explanation  of  this  symp- 
tom does  not  exist.'' 

Pending  additional  evidence  to  this  eflfect  the  following 
conclusions  as  to  the  functions  of  the  kidney  appear  to  us 
warranted : — 

i.  When  the  flow  of  urine  is  to  he  increased,  the  renal 
arterioles  are  dilated  by  vasodilator  terminals  of  the  sympa- 
thetic which  reach  the  organ  by  way  of  the  splanchnic  nerves 
and  the  semilunar  ganglia.  The  glomerular  tufts  being  thus 
traversed  by  a  greater  volume  of  blood  the  components  of  urine 
are  thus  filtered  out  into  Bowman's  capsule. 

2,  When  the  flow  of  urine  is  to  be  decreased  the  same  arteri- 
oles are  reduced  to  their  normal  caliber  by  the  vasoconstrictor 


<»CavazzaDi:    Arch.  ital.  de  biol.,  Yol.  XTili,  p.  1S8. 
••Hensel.  Well,  and  Jelliffe:    "The  UHne  and  FaBces,**  1906. 
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filaments  of  the  sym pathetic  which  reach  the  kidneys  also  by 
way  of  the  splanchnic  nerves. 

3.  The  adrenals  and  the  kidneys  are  functionally  united, 
the  adrenals  contributing  by  their  secretion  to  the  conversion 
of  waste-products  into  end-products  which  the  kidneys  excrete 
with  the  urine. 

With  the  functions  of  the  kidneys  as  complemental  to  those 
of  the  adrenals,  what  we  have  termed  the  "adrenal  system" 
acquires  greater  importance  in  the  vital  functions  of  the  organ- 
ism as  a  whole:  it  supplies  the  l)ody  the  suhstances  which  sus- 
tain oxygenation  and  metabolism,  hut  provides  also  for  the 
elimination  of  end-products  of  catal)olism  and  other  wastes. 
By  "substances"  here  are  meant  both  the  adrenal  and  thyroid 
secretions.  The  former  of  these,  by  becoming  oxygenized  in  the 
lungs,  constitutes  the  oxidizing  substance  of  the  blood,  i.e.,  the 
albuminous  portion  of  its  haemoglobin ;  the  thyroid  secretion  as 
previously  stated,  and  as  will  be  shown,  enhances  the  vulner- 
ability of  all  tissues  to  oxidation,  including  the  adrenal  center 
in  the  pituitary  body. 

As  to  the  functional  relationship  l)etween  all  these  organs, 
they  may  be  briefly  summarized  as  follows,  pending  additional 
evidence: — 

The  jniuxtary  body  contain}^  a  center  which  governs  the 
functional  activity  of  the  adrenal  system  and  of  the  kidneys. 
Any  excitation  of  this  center  by  certain  toxics  that  may  ornir 
in  the  blood  increasps  the  functional  artivity  of  the  organs  of 
thU  system;  the  adrenals  and  thyroid  apparatus,  and  also  the 
kidneys,  and,  therefore,  general  metabolism  and  renal  excretion. 

The  importance  of  tlii.<  functional  combination  'i>  self- 
evident.  While  the  adrpnal  ftystem  snstaiuA  metabolism,  the 
kidneys,  governed  hy  the  same  center,  ran  eliminate  the  vayfe 
products  formed  in  the  course  of  this  process  uninterruptedly  as 
they  appear  in  the  blood. 

THE    ADRENAL    SYSTE^^    AXD    THE    GEXERATR'E    OLANT>S. 

Testtclk-s. — Ix^ydig  showed  in  1850  that  the  interlobular 
connective  tissue  of  tlie  t^^sticle  container!  epithelial  cells.  All 
evidence  available  tends  to  show  that,  in  accord  witli  the  con- 
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clufiions  of  Regaud  and  Policard,"®  confirmed  repeatedly  by  other 
observers,  these  cells,  which  are  situated  between  the  seminifer- 
ous tubules,  are  the  source  of  the  internal  secretion  which 
endows  the  body  with  the  male  characteristics.  The  Leydig 
cells  are  functionally  united  with  the  sperm-cells,  and,  as  shown 
by  Regaud  and  others,  undergo  considerable  development  prior 
to  spennatogenesis.  Besides  this  functional  connection  with  the 
latter  process,  their  secretion  is  supplied  to  the  organism  at  large, 
through  the  intermediary  of  the  lymph-  or  blood-  vessels. 

The  influence  of  the  internal  secretion  of  the  cells  of  Ley- 
dig  on  the  body  at  large  is  well  shown  by  thie  influence  of  early 
removal  of  the  testes,  i.e.,  castration.  A  tendency  to  obesity  of 
a  feminine  type,  due  to  slowed  catabolism  of  fats^  scantiness  of 
hair,  deficient  development  of  the  thorax,  pelvis,  and  larynx,  the 
voice  remaining  high  pitched  as  in  the  child.  The  muscles  lose 
their  tone  and  the  prostate  and  vesiculsB  seminales  fail  to 
develop,  the  bones  of  the  extremities,  however,  growing  abnorm- 
ally long.  The  mental  attributes  of  the  male  sex  are  also  lack- 
ing; while  the  intelligence  may  be  normal,  there  is  absence  of 
aggressiveness  and  initiative  and  intellection  is  slow.  As  stated 
by  Schaefer,®^  "the  effects  are  mainly  upon  metabolism,  although 
the  limit  of  assimilation  of  carbohydrates  is  lowered.^' 

While  the  effects  of  castration  on  man  and  the  lower  animals 
are  well  known,  the  manner  in  which  they  are  produced  has 
remained  obscure.  Analysis  of  the  question  has  led  me*^  to 
suggest  that  the  testicles  did  not  produce  a  tnie  internal  secre- 
tion, but  that  the  adrenal  rests  (interrenal  tissue)  which  they 
contain  contribute  to  the  elaboration  of  the  sperm ;  and,  more- 
over, that  when  thron/jli  sexual  abstentwn  the  secretion  is  unused, 
it  is  taken  up  hy  the  draJatxcn  and  distrihuted  throughout  the 
body,  producing  the  effects  of  the  adrenol  secretion  {in  organic 
comhination)  upon  the  tissues  at  large. 

The  presence  of  interrenal  tissue  or  adrenal  rests  in  the 
testicle  is  well  known.  WieseP^  found  it  imbedded  in  both  the 
testicular  tissue  and  in  the  paradidymis.  These  correspond  with 
the  cortical  portion  of  the  adrenals,  the  cytoplasm  of  the  inter- 

">  Regaud  and  Policard:    C.-r.  de  la  Soc.  de  Biologie.  April,  19(WL 

«»Schaefer:    "Lane  Medical  Lectures,"  p.  988,  1913. 

••Sajous:    New  York  Med.  Jour.,  Sept.  4,  1909. 

^Wlesel:    Sitzamgsberichte  d.  k.  Akad.  z.  Wien,  S.  108,  1899. 
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dtakl  cells  containiTig  also  the  lipoid  granules,  blackened  by 
omic  add  (Sdiaefer*^),  and  also,  according  to  Beinke,**^  crystals 
tbe  natue  of  which  is  unknown.  The  medullary  portion  of 
the  adienala  is  also  represented  as  a  constituent  evidently  of  the 
•emini&roua  tubules  or  sperm-cells,  since  spermin  (isolated  by 
Fodd)  gives  the  reaction,  chemical  and  physiological,  of  ad- 
renalin. Thus  spermin  was  identified  by  Poehl  as  an  oxidizing 
body,  acting  catalytically,  a  property  I  had  attributed  to  the 
adrenal  princii^e.  As  is  the  case  with  the  latter  also,  spermin 
resists  heat  up  to,  and  even,  boiling;  it  is  insoluble  in  ether  and 
practically  insoluble  in  absolute  alcohol,  and  gives  the  guaiac, 
Florence,  and  other  hsemin  tests.  It  likewise  raises  the  blood- 
pressure,  slows  the  heart,  and  produces  all  other  physiological 
effects  peculiar  to  the  adrenal  principle.  Moreover,  it  id  re- 
garded in  Europe  as  a  powerful  ^'oxidizing  tonic''  and  has  been 
found  equally  useful  in  disorders  in  which  adrenal  preparations 
had  given  good  results.  As  does  adrenalin,  it  produces  quicken- 
ing of  the  respiration,  while  large  quantities  inhibit  it,  as  shown 
by  Dixon,  Langlois,  and  others. 

Its  independence  of  any  connection  with  sex  characteristics 
is  diown  by  the  fact  that  it  has  been  foimd  in  the  blood  of 
females  as  well  as  in  that  of  males. 

Additional  testimony  is  aflforded  bv  the  fact  that  while,  as 
stated  by  Hansemann,®*  "the  cells  of  Lcydig  are  concerned  in 
the  production  of  testicular  tumor,''  the  characteristic  effects  of 
such  tumors  on  the  organism  at  large  are  precisely  those  pro- 
duced  by  a  tumor  of  the  adrenal  cortex,  or  of  adrenal  rests  in  the 
kidney,  which  represent  17  per  cent,  of  the  tumors  of  this  organ. 
These  tumors,  as  we  have  seen  under  a  previous  heading,  cause 
in  children  abnormal  sexual  and  physical  development,  with 
marked  increase  of  strength,  abnormal  growth  of  hair  over  the 
pubis,  axillae,  legs,  and  trunk,  lowering  of  the  voice, — an  aggre- 
gate of  anomalies  which  cause  a  child  of  5  years,  for  instance, 
to  be  transformed  into  a  young  adult  in  weight,  strength,  sexual 
development,  etc.  (See  the  illustration  on  next  page.)  Now,  as 
to  the  testicular  growths  Schaefer*^  writes:   "Remarkable  cases 

•*  Schaefer:    Loc.  cit,  p.  88. 

"Reinke:    Archiv  f.  mik.  Anat,  B.  42.  18M. 

••Hansemann:    Cited  bj  Bledl,  "Internal  Secretory  Organi,**  p.  M,  19ta 

**  9cliaeter:   Loc.  d^,  p.  90. 
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have  beeu  described  in  Wtb  male  ami  female  nex  in  which  tumors  I 

of  the  teeticle  and  ovary,  apparently  malignant  in  character  1 

[sc«  page  lai  of  tluB  volumt-  for  (.•orn^ponding  symptoma  in  [ 

maligitaiit  bypernephroraa],  occurring  in  children,  Imvc   been  ' 

accompanied  by  a  general  growth  of  etature  and  by  premature  j 
appcnrancv  of  secondary  t«exual  cbaructers  such  as  growth  of 

hair  un  t)ie  face  in  the  male  and  in  the  armpitaj  and  on  tlie  J 
pultfB   in   both   ecxc-i,   'ie\c'kipnn!nt   of   breasts  and   pem-rativc 


orgaite:    in  short,  all  the  signs  of  puberty,  wbidi,  un  removal 
of  the  tnnior,  have  been  found  to  disappear." 

The  presence  of  spermin  in  the  blood  of  females  referrtMl 
to  above  is  an  important  feature  of  the  problwn  as  a  wliole, 
for  it  shows  that  its  chemical  homologue,  tJie  a<!rpnBl  product, 
is  the  determining  factor  of  sex  production.  Tims  we  have  seen 
(page  302)  that  hmiora  of  the  adrenal  cortex  caueed  females 
to  undergo  dianges  toward  male  characteristics,  male  organ* 
ha%Tng  become  sufficiently  developed  in  10  of  the  women  re- 
ferred to  by  Apert  as  to  caiiee  them  to  live  as  men.  This  Irane- 
formatiou   is   well   shown    in    tlie   aixive   cut,    illustrating   the 
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ca4e  described  on  page  301,  reported  by  Jump,  Beates,  and 
Wayne  Babcock.  Suggestive  also  in  this  connection  are  the 
experiments  of  Allen  J.  Smith  and  W.  J.  Crocker,*"  who  found 
tliat  by  injecting  a  salt-solution  extract  of  a  cock's  testis  into 
hens  these  animals  showed  many  indications  of  assuming  male 
characteristics.  The  comb  in  most  cases  increased  in  size  and 
brightened,  the  wattles  likewise.  In  some  of  the  hens  the  neck 
feathers  became  somewhat  more  brilliant,  the  same  peculiarity 
applying  to  the  small  feathers  at  the  base  of  the  tail.  In  one 
hen  a  slight  but  distinct  growth  of  spurs  was  recognized.  Some 
of  the  hens  became  combative,  and  several  times  they  attempted 
to  cover  other  hens  after  the  manner  of  the  cock. 

On  the  whole  it  seems  clear  that  it  is  to  the  secretion  of 
adrenal  iissius,  wherever  situated,  that  the  male  characteristics 
are  due.  This  phenomenon  finds  a  ready  explanation  in  my  view 
that  the  adrenal  secretion  supplies  the  blood  the  oxidizing  fer- 
ment which  as  a  catalyzer  endows  living  tissues  with  their  vital 
dynamism. 

Dixon,**  after  using  orchitic  injections,  concludes  that  the 
effects  observed  were  due  to  its  nucleo-albumin.  Orchitic  ex- 
tracts are  known  to  contain  nuclein,  a  ferrinuclein  according  to 
Cavazzani,*®*  in  the  proportion  of  about  2.4  per  cent.  But  this 
applies  to  semen,  in  which  spermatozoa  and  other  substances 
containing  nuclein  are  present.  Still,  absence  of  functional 
testes  being  known  to  produce  abnormalities  of  the  bone«,  it  is 
probable  that  the  thj-mus  is  involved  in  the  process.  This  is 
further  suggested  by  the  fact  that  Hatai^®*  found  that  in  white 
rats  removal  of  the  sex  glands  caused  the  thymus  to  increase  to 
almost  twice  its  size.  This  feature  of  the  process  belongs  to 
the  generative  s}>erni-cells,  and  not  to  the  interstitial  cells  of 
Ijcydig. 

With  the  so-called  internal  secretion  of  the  testicle  identified 
as  a  product  of  adrenal  rests  in  this  organ,  and  recallin<i^  the 
action  of  the  adrenal  product  upon  oxidation,  metabolism,  the 
vascular  tension,  etc.,  we  can  understand  the  morbid  effects  of 
masturbation   and  excessive  venery — ^particularly  the   debility. 


••  Smith  and  Crocker:    New  York  Med.  Jour.,  July  5,  1913. 

"Dixon:     British  Med.  Jour.  Sept,  21.  1907. 
>"CaTazzanf:    Gazzetta  d.  Osp.  e  d.  Clinische,  June  28,  1903. 
^''Ilatai:    Jour,  of  Exper.  Zoology,  Jan.,  1915. 
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languor^  mental  torpor^  and  deficient  growth  in  boys  addicted  to 
these  habits.  These  symptoms  coincide  with  those  which,  we 
have  seen,  follow  castration.  Bbuin  and  AnseP®'  have  shown, 
moreover,  that  extracts  of  interstitial  tissue  counteracted  the 
effects  of  the  latter  operation  and  tended  to  promote  growth. 

On  the  whole  the  above  data  seem  to  warrant  the  following 
conclusions : — 

1.  There  is  no  true  internal  secretion  of  the  testes,  the 
products  of  the  epithelial  {Ley dig's)  and  seminal  cells  which 
unitedly  take  part  in  the  formation  of  the  seminal  fluid,  being 
derived  mainly  from  adrenal  rests  in  those  cells. 

2.  When  seminai  fluid  is  not  secreted  during  coitus,  mas- 
turbation, etc,  that  part  of  it  contributed  by  the  epithelial  and 
seminal  cells  is  added  to  the  asset  of  adrenal  products  in  the 
body  at  large. 

Ovaries. — There  is  considerable  analogy  between  the  char- 
acteristic effects  of  castration  in  the  male  and  those  following 
removal  of  the  ovaries  in  the  young.  What  remains  of  the 
genital  organs,  the  uterus,  vagina,  and  vulva,  and  also  the 
breasts,  retain  their  infantile  type.  In  developed  females  this 
operation  tends  to  produce  atrophy  of  the  same  structures  and 
obesity  (also  observed  in  men  after  castration),  menstruation 
meanwhile  ceasing.  The  influence  of  the  ovaries  on  metabolism 
also  corresponds  with  that  of  the  testicles.  The  dictum  of 
Brown- Sequard, — to  whose  remarkable  physical  improvement 
under  the  influence  of  testicular  extract  I  can  bear  witness, — 
that  this  agent  is  more  efficient  than  ovarian  extract  in  the 
treatment  of  women,  suggests  a  kinship  between  these  two  or- 
ganic substances.  This  is  emphasized  when  the  pharmacological 
action  of  ovarian  extract  is  considered.  It  raises  the  blood- 
pressure  and  slows  the  heart,  as  shown  by  Fedoroff/^'  Jacobs,^®* 
and  others.  Removal  of  the  ovaries,  moreover,  reduces  the 
oxygen  intake  10  per  cent.,  as  shown  by  Loewy  and  Richter,*®^ 
while  ovarian  extract  restores  it ;  it  has  been,  therefore,  regarded 
as  an  oxidizing  ferment.     Neumann   and  Vas^^^   noted   that 

>o3  Bouln  and  Ansel:    C.-r.  do  I'Acad^mle  des  Sciences,  Jan.,  1904. 

i<»  Fedorofl:    La  Gynecologic.  Oct.  15.  1891. 

i»*  Jacobs:     Dublin  Jour,  of  the  Med.  Scl.,  Sept.  1,  1897. 

loB  Loewy  aiTd  Richter:     Berlin,  klin.  Woch.,  Bd.  xxxvl,  S.  1095,  1599. 

^*' Neumann  and  Vas:    Monats.  f.  Geburtsh.  u.  Gyn.,  Bd.  xv,  S.  433,  1902. 
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ovaritn  extract  enhanced  metabolism;  Senator  observed  that 
ovarian  preparations  increased  diuresis  and  the  excretion  of  urea 
and  phosphoric  add.  Its  physiological  effects  are  those  of  adre- 
nal preparations^  theref ore^  in  every  respect. 

Its  effects  on  oxidation  are  so  striking,  in  fact,  that  they 
have  been  clearly  recognized  by  many  clinicians,  '^e  are 
authorized  to  classify  ovarian  organotherapy  among  the  oxidizing 
agents,''  write  DalchS  and  L^pinois.^^^  '^This  conclusion,  it  must 
be  admitted,  is  that  reached  by  several  authors.  Curatellb  and 
Tarulli  believe  that  the  internal  secretion  of  the  ovaries  favors 
the  oxidation  of  phosphorized  organic  substances,  hydrocarbons, 
and  fats.  According  to  (Jomes,  it  enhances  oxidation  and 
hydrolysis  and  favors  the  elimination  of  phosphates.  .  .  •  . 
Albert  Bobin  and  Maurice  Binet  have  shown  that  there  is  during 
menstruation  an  increase  of  the  respiratory  exchange.  Keller, 
studying  the  general  exchanges,  found  that  there  was  increased 
nitrogen  oxidation.  We  have  ourselves  found  tliat  menstruation, 
in  itself,  enhances  vital  functions  and  particularly  the  great 
function  of  general  oxidation/'  Sauv6*"®  states  that  ovarian 
extract  increases  the  haemoglobin  content  of  the  blood. 

To  which  of  the  ovarian  tissues,  the  Graafian  follicles,  the 
corpora  lutea,  or  the  interstitial  cells,  must  this  pharmacological 
action  be  attributed  ? 

According  to  Mulon***®  (1904),  the  corpus  it/ ^ewm  presents 
all  the  morphological  characteristics  of  an  aggrdgate  of  chrom- 
affin cells,  to  which  class  the  cells  of  the  adrenal  medulla  also 
belong.  Indeed,  Prenant^*®  found  that,  both  in  origin  and 
histological  structure,  the  corpus  luteum,  which  remains  after 
elimination  of  the  ovum,  shows  all  the  characteristics  of  an  in- 
ternal secretion  gland.  Schaefer  states  that  its  extreme  vas- 
cularity suggests  that  its  product  passes  into  the  blood.  This 
virould  explain  its  influence  upon  distant  organs  such  as  the 
mammary  glands;  Ancel  and  Bouin^"  having  shown  that  the 
development  of  the  latter  coincided  with  that  of  the  corpora 
lutea,  and  that  destruction  of  these  bodies  arrested  the  develop- 

i^Dalch6  and  L^pinols:    Bull.  04n6r.  de  Th6rap.,  Jan.  8,  1902. 

>«•  Sauv6:    Paris  MMlcal.  April  1.  1911. 

>^MuIon:    C.-r.  do  la  Soc.  dc  Biol.,  vol.  Ivi.  p.  113,  1904. 

"<>  Prenant:     Revuo  Gto6rale  dee  Sciences,  1898. 

^  Ancel  and  Bouin:    C.-r.  do  la  Soc.  de  Biol.,  vol.  Izrll,  p.  4M,  1900. 
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meut  of  the  mammary  gland.  The  corpora  lutea  are  eudowed, 
however,  with  other  important  functions.  According  to  Bandler, 
it  assists  not  only,  in  the  preparation  of  the  uterine  mucosa  for 
the  formation  of  the  uterine  deciduum  and  in  the  reception  and 
fixation  of  the  ovum,  but  also,  as  first  shown  by  Prenant,^^*  and 
in  common  with  the  ovary  proper,  it  serves  to  protect  the 
maternal  organism  against  the  destructive  local  activities  of  tlie 
parasitic  ovum  and  its  placental  secretion.  When  impregnation 
does  not  take  place,  the  proliferation  of  the  lutein  cells  occurs 
only  during  the  few  days  which  the  menstrual  cycle  lasts. 

The  corpora  lutea  are  formed,  as  is  well  known,  after  the 
discharge  of  the  ovum,  in  the  Oraafian  follicles,  the  lining  of 
which  forms  folds  and  becomes  permeated  with  blood-channels. 
When  pregnancy  occurs,  the  epithelium  of  the  Graafian  follicles 
proliferates,  its  cells  increase  in  size  and  become  filled  with 
yellowish  granules:  the  corpora  lutea.  The  follicles  have  been 
credited  with  the  power  to  promote  the  nutrition  of  the  uterine 
mucosa  and  to  initiate  the  premenstrual  congestion  of  the  latter. 
From  my  viewpoint  all  these  functions  are  to  be  attributed  to  the 
corpora  lutea  of  the  Graafian  follicles;  though  by  *^f unction" 
here  I  mean  only  the  part  the  former  play  as  chromaffin  cells 
(of  which,  we  have  seen,  they  possess  all  the  morphological 
characteristics)  in  reactions  with  other  agencies.  What  is  the 
nature  of  these  bodies? 

A  suggestive  fact  is  that  the  structure  described  by  Bouin"* 
as  the  interstitial  gland  is  known  to  fulfill  various  functions 
attributed  also  to  the  corpora  lutea.  It  becomes  enlarged  dur- 
ing menstruation  as  well  as  during  pregnancy,  thus  sustaining 
sexual  life  up  to  the  menopause.  It  attains  its  highest  develop- 
ment during  the  pregnant  state,  beginning  with  the  nidation 
of  the  fertilized  ovum  in  the  uterus.  Located  in  the  ovarian 
stroma,  interstitiaLcells  have  been  found  to  maintain  the  nutri- 
tion and  integrity  of  the  uterus,  through  some  process  as  yet 
undetermined. 

From  my  viewpoint,  this  process  is  explained  through  vari- 
ous facts  brought  out  in  the  course  of  our  analysis  of  testicular 
internal  secretions,  and  the  conclusion  submitted  that  adrenal 
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zettB,  medullaiy  and  cortical,  constitute  the  so-called  internal 
secTetkms  of  these  organs.  Thus,  Limon,^^*  quoted  by  Bied^^' 
found  that  '^the  interstitial  tissue  of  the  ovary  is  composed  of 
epithelial  oellSy  the  protoplasm  of  which  is  filled  with  granules 
ifwrnnbling  fat  which  stain  black  with  osmium.  These  cells  are 
differently  placed  in  different  animals;  they  are  sometimes 
arranged  in  compact  masses  and  cords/'  Now,  this  description 
applies  precisely  to  the  cortical  portion  of  the  adrenals.  In- 
deed, this  similarity  had  been  noted  by  others  than  myself  in 
respect  to  the  ovaries.  ^^That  the  interstitial  stroma  cells 
possess  a  secretory  function  is  suggested/'  also  writes  Biedl,  ^%y 
the  presence  of  fat  granules  and  other  secretory  enclosures,  as 
well  as  by  certain  resemblance,  commented  upon  by  many 
(Mnlon,  Wallart),  to  the  cells  of  the  suprarenal  cortex.*' 

Althotigh  Bouin  gave  the  ovarian  cells  of  this  type  the  name 
of  ^'interstitial,"  they  do  not  correspond  with  the  interstitial  or 
Leydig  cells  of  the  testicle,  which,  as  Schaefer  states,  ^'show, 
when  present,  many  analogies  with  the  cells  of  the  corpora 
lutea.''  This  physiologist  also  expresses  the  opinion  that  the 
corpora  lutea  appear  not  to  be  concerned  with  the  secondary  sex 
phenomena.  Interesting  in  this  connection  is  what  has  been 
termed,  *'a  remarkable  instance  of  the  correlation  of  the  corpus 
luteum  with  the  Pecondary  sex  characters"  described  by  Pearl  and 
Surface,"*  of  the  Maine  Agricultural  Experiment  Station.  A 
cow  which  had  produced  three  calves  and  given  an  abundant  flow 
of  milk  suddenly  ceased  to  produce  the  secretion  from  the  mam- 
mary gland.  The  ndder  rapidly  shrank  to  a  small  size  and 
the  animal  began  to  phow  the  external  characteristics  of  a  bull. 
After  a  lapse  of  eight  months  the  assumption  of  the  male  char- 
acters, in  various  regions  of  the  body  was  complete  and  perfect. 
A  necropsy  showed,  as  the  only  gross  abnormality,  a  simple 
cystic  condition  of  the  ovaries.  Histologically  and  cvtologically 
these  organs  differed  from  the  normal  cow's  ovary  in  only  one 
essential  respect,  namely,  that  they  had  no  corpora  lutea,  thus 
leaving  the  interstitial  cells  intact.  If  ahftenre  of  corpora  lutea 
played  any  role  in  the  process  it  could  only  bo  a  passive  one 

"*Llmon:    Archlvefl  d'anat.  mloroscop.,  vol.  v,  faso.  II,  Sept.,  1902. 
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which  endowed  the  ^'interstitial  organ"  of  the  ovary  with  active 
role.  Such  being  the  case,  and  the  interstitial  gland  correspond- 
ing, as  observed  by  Mulon,  Wallach,  and  myself^  with  the  ad- 
renal cortex,  we  are  brought  to  realize  that  the  secondary  sex 
characteristics  are  attributable,  in  the  female,  to  the  ovarian  in- 
terstitial cells,  which  correspond  morphologically  and  chemically 
with  those  of  the  adrenal  cortex. 

On  the  other  hand,  the  foregoing  analysis  tends*  to  show 
tliat  the  interstitial  cells  of  the  female  are  not  the  same  struc- 
tures as  the  interstitial  (Leydig)  cells  in  the  male;  the  Leydig 
cells,  connected  functionally  as  they  are  with  the  sperm-cells, 
correspond  with  the  Oraafian  follicles  and  their  corpora  lutea, 
as  secreting  structures. 

On  the  whole,  however,  and  in  keeping  with  conclusion  1 
submitted  in  respect  to  the  testicles:  There  is  no  true  internal 
secretion  of  the  ovarii,  the  products  of  the  Oraafian  follicles 
and  their  corpora  lutea  and  of  the  interstitial  stromorcells  being 
derived  mainly  from  adrenal  rests  in  those  cells. 

Here,  however,  the  physiological  role  of  the  testicular 
products  cannot  be  reproduced,,  for  if,  as  in  the  male,  the 
products  of  the  adrenal  rests  were  absorbed  when  not  secreted 
through  sexual  congress,  masturbation,  etc.,  the  male  characteT- 
istics  would  assert  themselves  in  the  female  through  the  accu- 
mulation of  the  secretion  of  her  interstitial  cells.  Hence,  to 
provide  against  the  loss  of  female  characteristics  through  accw- 
mulafwn  of  the  secretion  of  the  inerstifial  glands  in  the  body 
at  large,  the  products  of  the  ovarian  adrenal  rests  are  eliminated 
periodically,  i.e.,  during  the  menstrual  cycle. 

It  is  because  of  this  fact,  as  we  have  seen,  tliat  the  loss 
of  the  testicular  glands  causes  in  the  male  tlie  appearance  of 
female  characteristi(?s,  while  in  the  female  the  accumulation 
tlirough  tumors,  etc.,  of  adrenal  cells,  causes  the  development 
of  male  characteristics. 

Finally,  when  pregnancy  occurs,  all  the  dynamism  which 
the  adrenal  rests  provide  through  the  influence  of  their  secretion, 
acting  mainly  as  catalyzer,  on  oxidation,  become  necessary  for 
the  development  of  the  new  being,  lactation,  etc,  and  the  men* 
strual  cycle  ceases. 


CHAPTEB   X. 

THE  F08TEBIOB  PnTITABY  AS  A  GEXEBAL  XEBXt 

CENTEB  AND  AS  CO-CEXTEB  OF  THE  AXTEBIOB 

PITUITABY  IX  SUSTAIXIXG  UFE. 

THE  roEKTTTT  OF  THE  U/WEB    BRAIX. 

Ik  the  earlier  editionft  of  this  work  I  urged  that  certain 
emters  in  the  medalla  oblongata  were  pmWilr  but  ^ubsidiarr 
oenten  which  reoeiTed  nerroui?  impalxes  from  the  pitnitarr  body 
hj  way  of  the  tuber  cinerenm  and  other  basal  stmctnies.  I 
hM,  moreofcr,  that  '^inhibition"  as  obtained  bj  phjsioIogiFts 
represented  i  pathological  phenomenon  in  that  it  was  cansed 
by  exoeadTe  conetriction  of  the  cardiac  arterioles  provoked  by 
TaaooonatrictoFB  contained  in  the  nerre  gtimulated,  the  Tagus. 

Aa  is  well  known,  it  wa£  the  work  of  the  brothers 
Wdber  (1845)  which  firn  suggested  that  the  heart  could 
be  **inhibited"  by  stimulation  of  a  definite  region  in  the  nwy 
dulla.  Their  experiment^  dilTcre*^!  from  tlioFe  we  have  re- 
riewed  in  that  the  tissues  of  the  ba-e  of  the  brain  were  tra- 
versed by  the  current,  thus  exciiin^r  structures  in  which  we 
have  seen  sympathetic  and  other  nerves  pass  from  the  pituitary 
to  the  bnlb.  One  pole  having  been  plac:e<l  in  the  nasal  cavity 
of  a  frog  and  the  other  on  the  spinal  cord  over  the  fourth  or 
fifth  vertebra,  the  heart's  action  momentarily  ceased,  then 
gradually  resumed  its  normal  activity.  Approximation  of  the 
poles  npon  the  cerebral  hemispheres  and  stimulation  of  the  cord 
produced  no  effect  upon,  the  lieart.  "Xot  until  the  medulla 
oblongata  between  the  corpora  quadrigemina  and  the  lower  end 
of  the  calamus  scriptorius  was  stimulate<l/'  says  William  T.  INtr- 
ter,  **did  the  arrest  take  place.  Cutting  away  the  spinal  cord  and 
the  remainder  of  the  brain  did  not  alter  the  result.'^  The  h»vol 
of  fibers  from  structures  below  the  brain  is  also  suggested  by 
the  effects  of  experimental  injury  of  the  bulbar  area  which 
Flonrens  termed  le  naud  vital. 

(483) 
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Galen  had  already  noticed  that  death  ensued  when  a  cer-- 
tain  spot  in  the  floor  of  the  fourth  ventricle  close  to  that 
which  is  now  known  as  the  center  of  the  vagus  was  injured. 
But  Legallois  and  Flourens  have  added  much  to  our  knowl- 
edge of  its  physiological  relations,  and  the  spot  in  question^ 
as  we  have  seen,  is  still  considered  as  the  respiratory  center. 
**The  results  of  various  investigations  show,  however/'  says 
Reichert/  "that  Flourens's  area,  as  well  as  certain  other  parts 
of  the  medulla  oblongata  that  have  been  looked  upon  by  others 
as  being  respiratory  centers,  are  not  such,  but  are  largely  or 
wholly  collections  of  nerve-fibers  which  arise  chiefly  in  the 
roots  of  the  vagal,  spinal  accessory,  glosso-pharyngeal,  and 
trigeminal  nerves,  and  which,  therefore,  are  probably  nerve- 
paths  to  and  from  the  respiratory  center.  Moreover,  excita- 
tion of  the  *nwud  vital'  does  not  excite  respiratory  movements, 
but  simply  increases  the  tonicity  of  tlie  diaphragm;  nor  is  the 
destruction  of  the  area  always  followed  by  a  cessation  of  res- 
piration. While  the  precise  location  of  the  center  is  still  in 
doubt,  there  is  abundant  evidence  to  justify  the  belief  in  its 
existence  in  the  lower  portion  of  the  spinal  bulb/'  That  we 
are  again  dealing  with  the  aggregate  of  centers  to  which  the 
pituitary  body  projects  its  fibers  suggests  itself.  Flourene 
located  his  "vital  knot"  in  an  area  five  millimeters  wide  he- 
tween  the  nuclei  of  the  vagus  and  spinal  accessory  nerves — 
again  in  the  lower  end  of  the  calamus  script orius:  i.e.,  a  region 
comprised  in  the  area  to  which  the  Weber  brothers  applied 
one  electrode,  the  other  being  in  the  nose,  when  cardiac  arrest 
or  inliibition  was  first  observed  by  them. 

An  interesting  relationship  seems  to  me  to  exist  between 
these  two  sets  of  experimental  results.  Indeed,  the  area  to 
wliich  the  pituitary  body  sends  its  fibers  thus  becomes  the 
Fource  of  antagonistic  effects  involving  the  same  structures:  i.e., 
the  Weber  brothers  caused  arrest  of  the  heart  by  causing  xmdue 
constriction  of  its  coronaries  and  ischa^mia  of  the  myocardium, 
in  the  manner  previously  described,  while  the  lesion  produced 
by  Flourens  in  tlie  same  area,  when  sufficiently  severe,  blocked 
the  flow  of  impulses  to  and  from  the  heart.     Flourens's  nwud 
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vitalj  therefore,  is  no  more  the  respiratory  center  than  tlio  area 
trayeraed  by  the  current  can  be  called  an  "inhibitory"  area. 
We  are  simply  dealing  with  the  results  of  two  morbid  factors : 
overstimulation  (Weber)  and  interruption  (Flourens)  of 
physiological — and  therefore  functional — ^impulses  transuiitttMl 
through  the  medulla  and  the  cord. 

In  the  fifth  chapter  reference  was  made  to  tlie  fact  tliat 
the  posterior  pituitary  lobe  alone,  as  shown  by  Howell,  con- 
tained an  active  principle.  This  lobe,  tbe  "infundibular,"  has 
long  been  termed  the  "neural"  portion  of  the  whole  organ, 
and  appears  to  me  to  present  anatomical  features  that  further 
suggest  a  direct  connection  between  it  and  the  cerebro-spinal 
centers.  Hence  the  use  of  the  words  "physiological  impulses 
transmitted  through  the  medulla  and  the  cord."  The  question 
becomes  all  the  more  worthy  of  a  searching  inquiry,  inasmuch 
as  a  casual  examination  of  the  mutual  relations,  anatomical 
and  physiological,  of  the  cerebral  structures  traversed  by  the 
current  in  the  experiment  of  the  AVeber  brothers  suffices  to 
show  that  the  elements  thus  submitted  to  excessive  stimulation 
coincide  with  those  which  would  normally  fall  imder  the  in- 
fluence of  the  posterior  pituitary  body. 

The  physiological  characteristics  of  the  parts  influenced 
by  the  current  must  first  be  ascertained.  In  the  frog,  the  dis- 
tance between  tlie  nose  and  the  medulla  being  very  short,  a 
current  would  implicate  all  elements  in  its  direct  path,  con 
sidering  the  character  of  the  structures  traversed.  In  this 
animal,  the  lizard,  etc.,  the  nasal  nervous  terminals,  the  tissuef 
about  the  floor  of  the  median  ventricle  and  the  habenula, 
appear  to  me  as  the  paths  that  would  be  involved.  In  man  tht 
distance  between  the  olfactory  area  or  the  nasal  subdivisione 
of  the  fifth  pair  and  the  medulla  is  also  relatively  limited,  and 
the  intervening  structures  are  of  such  a  nature  as  to  also  allow 
the  current  to  pass  uninterruptedly  in  a  straight  path.  But  the 
floor  of  the  median  or  third  ventricle,  which  in  its  anterior 
portion  overlies  the  base  of  the  skull  and  is  very  thin,  becomes 
what  appears  to  be  the  inevitable  path  of  free  conduction,  owing 
to  this  proximity  of  the  olfactory  bulb  and  the  trigeminal  nasal 
terminals  to  the  nu^liillary  centers.  Of  s]wcial  interest  here, 
however,  is  the  fact  that  in  man  (and  to  a  great  extent  in  the 
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frog)  the  first  structure  reached  by  the  current  after  the  nasal 
structures  would  be  the  infundibular  portion  of  the  third  ven- 
tricle: i.e.,  that  connected  with  the  posterior  pituitary  lobe. 
Again^  and  very  suggestive,  is  the  fact  that  these  structures  and 
all  those  falling  in  the  line  of  the  current  form  part  of  what 
Professor  Foster  terms  "in  point  of  origin  the  oldest  part  of 
the  brain"  and  "the  central  gray  matter*'  which  "seems  to 
serve  chiefly  as  a  bed  for  the  development  of  the  nuclei  of 
the  cranial  nerves/*  Indeed,  we  might  repeat  that,  as  stated 
by  Reichert,'  "one  center  has  been  located  in  the  rabbit  in  the 
tuber  cinereum,  which  has  been  named  a  polypnoeic  center 
because,  when  excited,  the  respirations  are  rendered  extremely 
frequent'*  .  .  .  "Another  area  has  been  located  in  the  optic 
thalamus,  in  the  floor  of  the  third  ventricle;  this  center,** 
says  the  author,  "is  believed  to  be  excited  by  impulses  carried 
by  the  nerves  of  sight  and  hearing,  and  when  irritated  causes 
an  acceleration  of  the  respiratory  rate.** 

The  more  dorsal  portion  of  the  current  would  strike  a 
no  less  important  physiological  region.  "Next  to  the  central 
gray  matter,**  says  Professor  Foster,  "and  more  or  less  asso- 
ciated with  it,  comes  what  is  called  the  tegmental  region,  of 
which  the  reticular  formaticHi  coming  into  prominence  in  the 
bulb  and  continued  on  to  the  subthalamic  region  forms,  as  it 
were,  the  core.  Belonging  to  the  tegmental  system  are  nu- 
merous masses  of  gray  matter  from  the  conspicuous  optic 
thalamus  and  the  red  nucleus  in  front  to  the  several  nuclei  of 
the  bulb  behind.  This  complex  tegmental  system,  which  may, 
perhaps,  be  regarded  as  a  more  or  less  continuous  column  of 
gray  matter,  comparable  to  the  gray  matter  of  the  spinal  cord, 
serves  as  a  sort  of  iaclchone  to  the  rest  of  the  central  nervous 
system/^ 

The  morbid  effects  of  the  current  become  normal  conse- 
quences when  we  consider  that  the  structures  traversed  by  it 
include  those  that  even  emotions  will  disturb.  Referring  to 
the  posterior  portion  of  the  pons,  that  adjoining  the  tissues 
that  form  the  fourth  ventricle  and  which  represents  the  down- 
ward continuation  of  the  tegmentum,  Professor  Duval  says: 
"It  is,  indeed,  to  the  pons  that  we  seem  to  be  authorized  to 

'Beichert:    Loceit,  >  ^,  /  .  ^" 
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attribute  the  most  important  role  in  the  greater  emotional 
expressions^  laughing  and  weeping,  cries  of  pain:  in  a  word, 
involuntary  manifestations."  That  the  structures  such  aa 
those  penetrated  by  the  current  should  be  suddenly  jarred  and 
forcibly  thrown  into  vibratory  conditions  entirely  foreign  to 
their  normal  vibratory  rhjihm  is  manifest.  That  such  jarring, 
especially  when  the  current  follows  axially  a  direction  opposite 
to  that  of  a  physiological  stream  of  impulses,  should  so  per- 
vert its  normal  influence  upon  the  organs  to  which  these  im* 
pulses  are  normally  distributed — ^heart,  lungs,  stomach,  etc. — 
as  to  temporarily  or  permanently  arrest  their  functions  is  not 
only  logical,  but  in  accord  with  the  known  effects  of  electricity 
upon  the  more  highly  developed  structures. 

And  we  can  also  doubtless  better  understand  why  respira- 
tion still  continues  very  much  as  usual  after  removal  of  the 
brain  above  the  medulla,  and  why,  indeed,  all  nervous  mani- 
festations other  than  ideation  can  persist  after  such  mutilation. 
While  there  is  no  '^ruBud  vital,"  or  ganglion  of  life,  in  the  sense 
given  these  words  by  Flourens, — i,e,,  in  the  spot  of  the  medulla 
where  injury  arrests  respiration, — and  the  area  so  injured  is 
not  "the  mysterious  seat  of  the  unknown  principle  of  life,'* 
there  is,  nevertheless,  in  this  location,  not  a  locui  minus 
resisteniice,  but  an  aggregation  of  nervous  paths  from  all  di- 
rections, which  an  injury  can  functionally  impair  or  destroy, 
according  to  the  quantity  of  tissue  involve^l  and  the  kind  of 
lesion  produced.  Flourens  doubtless  caused  death;  but  in 
looking  for  death  in  his  experimental  animals  he  doubtless  did 
not  treat  the  "nceud  vital"  with  the  gentleness  of  a  dove. 
Death  ensued — the  result  of  conditions  similar  Ui  ihtmt  [pro- 
duced by  th^  Weber  brothers  wiili  eh^rtricity  in  the  mim*  thai 
molecular  disturbance  was  produced.  Yet  the  Weber  brotlM'ne 
only  jarred  the  naso-bulbar  structun^,  and  \frtA\U'i*A  U^iiUHfrnry 
inhibition  of  cardiac  action;  l>eing  more  iiifftna*,  th<'  curi'<'ni 
spread  over  greater  bulbar  surfac<^  and  did  h?ss  injury.  Klou» 
reuses  puncture,  on  the  aintrary,  pn>du<^^l  an  or^HuU:  U^hm, 
capable  not  only  of  dejitroying  the  tissuiis  involve-)*!,  but  als*;  of 
annulling,  by  the  circumferential  compression  of  i\ut  fii^ighU/f* 
ing  elements  caused,  the  functions  over  whi<;h  tlie  iat4>er  \frmuUt. 
Even  the  process  of  repair,  whi^Ji  at  otu;e  begins  uuAat  aucb 
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conditions^  may  lead  to  a  fatal  issue^  the  infiltration  throttling, 
as  it  were,  the  paths  to  and  from  organs  through  which  life  is 
sustained.  When  we  consider  the  small  relative  size  of  the 
fourth  ventricle,  and  the  fact  that  the  so-called  "vital  knot'* 
is  located  in  an  area  which  may  be  computed  only  by  a  few 
millimeters;  when  we  furthermore  recognize  that  such  an 
injury  would  thus  include  the  vagal,  spinal  accessory,  glosso- 
pharyngeal, and  hypoglossal  within  its  radius  of  morbid  in- 
fluence, death  as  an  injury  to  the  spot  becomes  a  normal  con- 
sequence. The  heart  and  the  entire  respiratory  system — p^ 
refer  only  to  those  directly  concerned  with  lifers  processes — 
are  the  mechanisms  first  functionally  arrested. 

And  yet  while  obstruction  of  these  few  square  millimeters 
of  bulbar  elements  will  rapidly  destroy  life,  it  is  possible,  says 
Professor  Foster,  in  the  case  of  some  animals  "to  remove  the 
cerebral  hemispheres  and  to  keep  the  animal  not  only  alive, 
but  tn  good  health  for  a  long  time — days,  weeks,  or  even  months 
after  the  operation !" 

There  must  prevail  in  this  connection,  however,  another 
contradictory  interpretation  of  experimental  phenomena.  In- 
deed, how  can  we  reconcile  the  presence  of  motor  centers  in 
the  cerebral  cortex  with  the  ability  of  an  animal  from  which 
both  hemispheres  have  been  removed  to  execute  the  motions 
ascribed  to  these  areas?  That  an  animal  deprived  of  its 
hemispheres  will  do  this  is  graphically  shown  in  the  following 
lines  of  Professor  Foster's:  "We  may,  perhaps,  broadly  de- 
scribe the  behavior  of  a  frog  from  which  the  cerebral  hemi- 
spheres only  have  been  removed  by  saying  that  such  an  animal, 
though  exhibiting  no  spontaneous  movements,  can  by  the  ap- 
plication of  appropriate  stimuli  be  induced  to  perform  all,  or 
nearly  all,  the  movements  which  an  entire  frog  is  capable  of 
executing.  It  can  be  made  to  swim,  to  leap,  and  to  crawl. 
Left  to  itself,  it  assumes  what  may  be  called  the  natural 
posture  of  a  frog,  with  the  forelimbs  erect,  and  the  hindlimbs 
flexed,  so  that  the  line  of  the  body  makes  an  angle  with  the 
surface  on  which  it  is  resting.  AMien  placed  on  its  back,  it 
immediately  regains  its  natural  posture.  When  placed  on  a 
board,  it  does  not  fall  from  the  board  when  the  latter  is 
tilted  up  so  as  to  displace  the  animaFs  center  of  gravity;  it 
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crawls  Tip  the  board  until  it  gains  a  new  position  in  which  its 
center  of  gravity  is  restored  to  its  proper  place.  Its  movementa 
are  exactly  those  of  an  entire  frog  except  that  they  need  an 
external  stimulus  to  call  them  forth."  It  is  quite  clear  that 
all  motor  phenomena  are  carried  out,  notwithstanding  the  ab- 
sence of  parts  of  the  brain  which  have  been  imdeniably  shown 
by  experiments  in  animals,  pathological  conditions  of  the 
human  hemispheres,  etc.,  capable  of  inciting  them.  The 
familiar  convulsive  movements  in  various  parts  of  the  body 
trunk,  leg,  arm,  etc.,  when  certain  motor  areas  are  stimulated 
would  mean  nothing  to  us  if  the  use  of  electricity  for  this  pur- 
pose were  the  basis  of  this  doctrine,  but  lesions  in  these  areas 
have  unquestionably  proven  that  they  do  preside  over  motor 
functions,  not  only  in  a  general  way,  but  in  the  sen'^^  implied 
by  "cerebral  localization."  How  account  for  the  self-evident 
discrepancy  which  the  entire  absence  of  these  structures  indi- 
cates in  present  conceptions  of  the  processes  involved? 

We  are  brought  nearer  to  a  solution  when  the  removal  of 
cerebral  tissues — those  to  which  I  have  referred  as  jarred 
by  the  electric  current  passed  by  the  Weber  brothers  between 
the  nose  and  the  bulb — is  continued  downward  until  the  cord 
only  is  left,  ^^^ery  marked  is  the  contrast,"  says  Professor 
Foster,  between  the  behavior  of  such  a  frog  which,  though 
deprived  of  its  cerebral  hemispheres,  still  retains  the  other 
parts  of  the  brain,  and  that  of  a  frog  which  possesses  a  spinal 
cord  only.  The  latter  when  placed  on  its  back  makes  no  at- 
tempt to  regain  its  normal  posture;  in  fact,  it  may  be  said 
to  have  completely  lost  its  normal  posture,  for  even  when 
placed  on  its  belly  it  does  not  stand  with  its  forefeet  erect,  as 
does  the  other  animal,  but  lies  flat  on  the  ground.  When 
thrown  into  water,  instead  of  swimming  it  sinks  like  a  lump 
of  lead.  .  .  .  When  a  board  on  which  it  is  placed  is  in- 
clined sufficiently  to  displace  its  center  of  gravity  it  makes 
no  effort  to  regain  its  balance,  but  falls  off  the  board  like  a 
lifeless  mass."  Such  a  frog  moves  its  limbs  irregularly,  but 
one  has  but  to  witness  such  motions  to  at  once  conclude  that 
they  are  aimless,  mere  random  expressions  of  the  inherent 
power  to  contract  possessed  by  all  muscular  tissues,  and  which 
even  persist  some  time  after  death,  especially  in  the  case  of 
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the  heart-muscle.  Very  marked  is  the  contrast^  indeed,  be- 
tween this  animal  and  one  still  endowed  with  the  tissaeB  of 
the  base  of  the  brain.  "Pigeons,  for  instance,  have  been  kept 
alive  for  five  or  six  weeks/'  says  the  same  author,  *'after  com- 
plete removal  of  the  cerebral  hemisphere  with  the  exception 
of  portions  of  the  crura  and  corpora  striata  immediately  sur- 
rounding the  optic  thalami.'^  .  .  .  *ln  warm-blooded  ani- 
mals, as  in  the  more  lowly  cold-blooded  frog,  the  parts  of  the 
brain  helow  or  behind  the  cerebral  hemispheres  constitute  a 
nervous  machinery  by  which  all  the  bodily  movements  are  car- 
ried out."' 

That  this  mechanism  is  located  below  the  hemispheres  in 
man  has  also  been  illustrated  by  many  cases  reported,  among 
which  may  be  cited  the  famous  crow-bar  case,  in  which,  *1)y 
a  premature  explosion  of  gunpowder,  an  iron  bar  three  and 
a  half  feet  long,  one  and  a  quarter  inches  in  diameter,  and 
weighing  thirteen  and  a  quarter  pounds,  was  shot  completely 
through  a  man's  head,  and  perforated  his  brain.  This  man. 
walked  up  a  flight  of  stairs  after  the  accident,  and  gave  his 
account  of  how  it  happened.  Although  his  life  was  naturally 
despaired  of  for  some  time,  he  developed  no  paralysis;  nor  did 
marked  impainnent  of  his  intellectual  faculties  follow  conva- 
lescence. Eventually  he  recovered  his  health.  Twelve  years 
elapsed  before  his  death,  during  which  time  he  was  a  laborer 
on  a  farm."*  This  pointedly  suggests  that  while  the  cerebral 
hemispheres  from  the  lowly  frog  to  the  highest  mammal  can 
only  awaken  motion  through  volition,  i.e.,  voluntary  movements!,. 
the  base  of  the  brain — the  pituitary  body  as  we  will  see — can 
automatically  govern  motion  through  the  intermediary  of  spinal 
gray  matter. 

A  remark  which  in  this  connection  is  of  particular  inter- 
est to  us  is  that  of  Professor  Duval,  when,  referring  to  the 
meaning  of  bulbar  functions,  according  to  modem  conceptions, 
he  says:  "For  the  physiologist,  the  medulla  extends  above  the 
limits  of  the  vertebral  column  into  the  cranium  and  about  up 
to  the  sella  turcica.  "  I  would  say  into  tlie  sella  turcica,  for 
it  seems  clear  to  me  that  the  posterior  pituitary  lobe  presents 

■  The  italics  are  my  own. 

*^  B.  Ranney:     "Lectures  on  Nervous  Disease^." 
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the  funcKonat  characteristic  thai  would  fulfill  the  requirements 
of  the  complemental  processes  that  the  functions  of  the  hemi- 
spheres demand. 

The  annexed  colored  plate^  which  represents  a  median  and 
vertical  section  of  the  encephalon  and  bulb  of  a  three  months' 
embryo^  distinctly  indicates  the  direct  continuation  of  the  cord 
up  to  the  posterior  or  infundibular  pituitary  lobe.  The  tract 
connected  with  the  posterior  pituitary  is  colored  bluish  gray. 
The  pituitary  has  been  added  to  the  infundibular  extremity 
of  the  original  illustration.  The  relations  of  the  structures 
which  ultimately  become  the  corpora  quadrigemina  by  meeting 
the  posterior  part  of  the  third  ventricle  are  well  shown. 

That  my  views  in  this  connection  are  based  on  a  solid 
foundation  is  further  sustained  by  the  painstaking  investiga- 
tions of  Andriezen,"  who  traced  a  direct  connection  between 
the  pituitarj'  and  the  medullary  and  other  more  anterior  struc- 
tures through  the  various  phylogcnetic  stages  of  vertebrates. 
The  following  statements  and  the  table  appended  are  quotcnl 
from  his  paper:  "A  sur>'ey  and  investigation  based  on  all 
classes  of  vertebrates  show  that  the  hy}>op]iysis  occupies  the 
position  and  relationship  to  tlie  other  structures  which  may 
be  condensed  in  tlic  following  table: — 

"Relation'  of  Piti'itaby  to  Other  Xebve-centebs  and 
IIead-htructures  in  Order  from  Before  Back.'* 


Nerve-center.     Olfactory  center. 

Posterior  lobe  of 
pituitary. 

The  bulbo-apinal 
centers. 

yervcs.          Olfactorj'  nen'CH. 

1 
1 

Hypophyseal 
nerves. 

Bulbo-spinal 
nerves. 

I 

Distribution.     Kpitholium  of  na-  i   Pituitary     duct  ■   Buccal,  etc.,  and 

sal  sac.  I     gland    (anterior  general    subcu- 


Body-region. 


lolH?). 


l*re-oral    (prosto- 
niial ) . 


tanpous. 

Post-oral  ( bran- 
chial, etc.)  and 
general  body." 


'Andriezen:    British  Medical  Journal.  Jan.  13,  1894. 
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Of  course,  this  applies  to  both  pituitary  bodies^  but  I 
have  shown  that  the  anterior  lobe  could  originate  motor  im- 
pulses in  the  partition  separating  it  from  the  posterior  lobe, 
and  transmit  them  via  the  latter,  the  basal  tissues,  the  bulb, 
the  cord,  the  sympathetic  chain  and  j&nally  the  splanchnic 
nerve  to  the  adrenals.  That  the  investigations  of  Andriezen, 
though  sustained  by  the  previously  recorded  results  of  removal 
of  the  pituitary  by  Vassale  and  Sacchi,**  should  have  borne  but 
little  fruity  so  far,  is  probably  accounted  for  by  his  statement 
that  "variations  in  weight  bring  it  under  the  Darwinian  law 
of  panmixia;  if  so,  the  indication  being,  what  study  of  lower 
vertebrates  shows,  namely:  that  it  has  probably  passed  the 
acme  of  its  activity  and  in  man  is  functioning  less  vigorously.^' 

I  must  express  the  belief,  however,  that>  when  man  is 
in  question,  cessation  of  natural  selection  may  not  always  mean 
that  an  organ  has  become  useless,  but  instead  that  it  has 
reached  the  acme  of  perfection.  Loss  of  functional  vigor  may 
denote,  in  this  connection,  what  it  denotes  in  the  human  hand 
as  compared  to  that  of  the  gorilla:  i.e.,  gain  in  functional 
precision  and  delicacy. 

In  the  embryo,  the  posterior  pituitary  body  opens  directly 
into  the  third  ventricle  through  the  infundibulum.  If  during 
uterine  existence  "the  whole  life-achievement  of  myriads  of 
generations  of  living  things"  is  represented,  the  phylogenetic 
history  of  this  organ  should  show  traces  of  its  ultimate  func- 
tions. Andriezen  found  that  in  the  amphioxus  its  analogue 
is  represented  by  "a  subneural  glandular  organ,  a  duct  lined 
by  ciliated  epithelium  which  affords  a  communication  between 
the  buccal  and  neural  cavities,  and  a  group  of  nerve-cells 
around  and  at  the  back  of  the  upper  opening  where  the  duct 
widens  into  the  ventricular  cavity."  We  have  here  the  main 
primitive  structures  of  the  pituitary  in  man. 

Referring  to  Andriezen's  investigations,  Berkley®  says: 
'^e  has  farther  shown  that  particles  of  carmine,  suspended 
in  the  water  surrounding  the  animals,  will  be  taken  up  with 
the  water  passing  through  the  infundibular  duct  and  carried 
by  ciliary  action  into  the  ventricle,  and  thence  into  the  central 


"■Vassale  and  Sacchl:    Rev.  Sper.  dl  Fren.,  p.  83,  \89i. 
•Berkley:     Brain,  Winter,  1894. 


HISTOLOGY  OP  THE  POSTERIOR  PITUITARY.  493 

canal  of  the  cord;  finally  the  particles  of  cannine  may  be  traced 
right  up  to  the  free  end  of  the  canal,  where  the  spinal  cord  opens 
into  the  exterior  by  the  blastopore;  therefore  it  is  made  mani- 
fest that  the  infundibular  duct  carries  a  stream  of  oxygen-bear- 
ing water  for  the  nutrition  of  the  tissues  and  the  carrying  off  of 
their  effete  products/'  Alluding  to  personal  studies  to  which  I 
will  presently  refer,  Berkley  then  adds :  "It  is  quite  curious  to 
find  essentially  the  same  structures  preserved  in  as  high  a  ver- 
tebrate as  the  dog,  and  descending  to  so  low  a  zoological  order  as 
amphioxus,  though,  as  Miiller  remarks,  the  pituitary  is  practi- 
cally the  same  from  myxine  to  man."  Yet  in  man  the  infun- 
dibular orifice  is  closed,  and  the  posterior  pituitary,  during  its 
evolution,  must,  therefore,  have  assumed  some  function  other 
than  that  possessed  by  the  organ  during  the  earlier  phases  of  its 
career  and  of  which  the  earlier  forms  should  also  show  traces. 

We  have  seen  that  oxygenation  of  the  blood,  the  highest 
development  of  the  function  carried  out  by  the  water-vascu- 
lar system  in  the  amphioxus,  belongs  to  the  domain  of.  the 
anterior  pituitary.  The  remaining  inference  afforded  by  the 
phylogenetic  history  of  the  organ,  therefore,  is,  in  my  opinion, 
that  the  group  of  nerve  cells  around  and  behind  the  upper  open- 
ing which  in  Amphioxus  and  Amoccetes  forms  the  threshold  of 
the  oxygen-hearing  water  system  is  the  prospective  adrenal 
center  in  the  human  pituitary,  which  center,  we  have  seen,  is 
also  concerned  with  oxygenation. 

I  must  state  that  I  consider  this  perfect  concordance 
between  the  functions  of  the  anterior  and  posterior  pituitaries 
as  I  have  conceived  them  and  those  found  throughout  the 
entire  evolutional  scale  of  zoological  forms  as  far  back  as  the 
amphioxus  by  Andriezen  as  very  strong  evidence  that  my  views 
are  sound. 


HISTOLOGY  OF  THE  POSTERIOR  PITUITARY  BODY. 

What  is  the  physiological  relationship  between  the  two 
lobes?  Dejerine^  states  that  vertical  and  horizontal  sections 
of  both  organs  show  that  they  are  absolutely  distinct  and  sepa- 


^  D^jerine:     "Anatomie  dea  Centres  Nerveux,"  vol.  I,  1895. 
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rated  by  a  fibrous  lamina;  aiid>  furthermore^  that  'the  poste- 
rior lobe  alone  is  connected  with  the  infimdibuliim.''  •  •  • 
^^It  is  developed  from  the  brain^'  and  ^^is  a  dependence  of  the 
middle  ventricle/'  The  anterior  lobe  is  only  connected  with 
the  cerebral  structures  through  vessels  which,  according  to 
Berkley/  '^directly  pass  into  it  from  the  mAstance  of  the  in- 
fundibulum/'  The  blood-supply  of  the  posterior  lobe  is  also 
derived  from  the  same  source^  but  it  is  less  rich,  though  sa£S- 
ciently  so  to  satisfy  the  needs  of  an  active  function.  Indeed, 
the  organs  differ  mainly  in  the  character  and  wealth  of  their 
nerve-supply — much  to  the  advantage  of  the  posterior  lobe, 
however.  The  development  of  the  anterior  lobe  from  the 
ectoderm  of  the  primary  oral  cavity,  instead  of,  as  in  the  case 
of  the  posterior  lobe,  from  the  embryonic  brain,  accounts  for 
what  anatomical  dissimilarities  prevail. 

The  histological  characteristics  of  the  posterior  lobe  also 
suggest  that  it  is  the  seat  of  some  nervous  function  of  a  high 
order.  This  is  well  illustrated  by  the  exhaustive  study  by 
H.  J.  Berkley*  after  an  examination  of  some  two  thousand  five 
hundred  slides.  A  summary  of  such  a  work  hardly  does  it 
justice;  I  must  therefore  refer  the  reader  to  the  original 
paper  for  details  other  than,  those  that  I  will  presently  submit. 

The  outer  layer  of  the  organ  was  found  by  Luschka  and 
Miiller  to  be  composed  of  gray  matter  similar  to  that  found 
over  the  infundibulum.  Berkley  refers  to  this  layer  as  com- 
posed of  slightly  irregular  ependymal  cells  three  or  four  deep, 
tlirough  which  rather  thick  ball-tipped  filaments  penetrate  to 
the  second  anatomical  subdivision  of  the  lobe.  This  outer 
coating  of  cells  does  not  extend  around  the  entire  lobe,  how- 
ever, but  covers  only  its  free,  or  posterior,  surface.  Its  ante- 
rior portion,  that  nearest  the  partition  between  the  two  lobes, 
has  no  such  covering,  so  that  its  elements  appear  to  be  in  con- 
tact with  the  partition  itself  or  to  be  only  separated  from  it 
by  its  capsule.  The  second  subdivision  of  the  posterior  organ 
occupies,  judging  from  Berkley's  drawings,  about  one-third  of 
its  mass,  and  recalls,  as  to  structure,  that  of  the  anterior  lobe. 


•Berkley:    Brain,  Winter,  1S94. 
•Ibid, 


VKmiCRh  SECTION  DF  THE  PDSTEHiaR  PITUITAHY 
BDI]Y.     lEerkley.! 

Its  aQiraal  alls  li  UiBl  al  a  small  |iBa, 


HISTOLOGT  OP  THB  POBTERIOR  PITUITARY.  495 

Agiin  do  we  find  the  dosed  glands,  or  akeoli,  inclnding  the 
ooiloid  BulMtaiioe.  Agmin  are  the  glandular  elemcnta  supported 
by  eonnectiTe-tuBae  trabecnls  permeated  with  capillaries, 
ihoii|^  the  caliber  of  the  larger  yessels  is  somewhat  smaller. 
Yet — A  feature  which  seems  to  me  important — ^the  colloid 
ahreoli  are  ahrajB  most  nmnerous  near  the  outer  edge  of  the 
epeodjmal  oellEy  that  portion  farthest  away  from  the  inter- 
lobular partition,  while  the  space  between  these  structures  and 
the  partition  is  occupied  by  cellular  elements  of  an  entirely 
difEeient  kind 

The  third  porticn  mar  be  said  to  occupy  nearly  two-thirds 
of  the  entire  lobe:  a  perfect  maze  of  nervous  elements,  some 
of  which  hare  not  so  far  Ix^en  found  elsewhere  in  the  organism. 
Yet  connectiTe-tisrae  partitions  carrying  blood-vessels  are  dis- 
cernible throughout  this  entire  area:  a  feature  which  suggests 
that  an  orderly  EubdivijEion  ezijifts.  Its  nervous  elements  vary 
greatly  in  form^  but  they  may  be  divide^!  into  three  general 
dasses:  1.  CelU  that  give  off  prot/iplasmic  extensions,  neu- 
raxons,  etc.,  that  are  not  Fuificiently  long  to  reach  the  upper, 
anterior  region  of  the  Mm::  ue.,  ilie  infundibular  region.  2. 
Ceils  the  exten>riorj6  of  which  reach  this  region.  3.  Cells  that 
are  found  mainly  or  ouly  in  thif»  fK>rti'/n  of  the  organ. 

The  firMt  ofjua  jncludc-s  fla*^k-like  cells  with  knot-tipped 
fibers  that  n,<-a]J  t-V/^^.-  of  thf;  HuUirior  lol>e  (Fig.  A,  Plate  I, 
and  Fig.  a,  Piatf  IJ;.  llic^  WJief*  are  widely  distributed, 
but  their  rnultituo'r  of  r»  in  if  if -ations  eud  freely  among  neigh- 
boring Ftructure-.  .^irni-ar,  tfiough  smaller,  cells  (Fig.  B,  Plate 
I,  and  Fig.  h,  V.^it-  W }  aro  found  i:huffiy  in  the  center,  and 
have  proce?i^-r  \}.yA  *\U'jir]  upward  a  <.-</riHiderable  distance  and 
there  often  X'-.rr.-.luHX*:  n  a  \tru^]i-\'ikfi  iipir^t.  In  this  class  may 
be  include*]  [»'.-' j.jiar  ova]  Wii«*>.  (Fi;r.  C,  I'late  I,  and  Fig.  c, 
Plate  II).  ii:b]i/:y  f'-jij'j  in  th<f  a'tiU'r  of  the  organ,  tliat  recall 
closed  follifle-.  '\:j\  ;riv<-  off  axin^'vlind^'rn  that  coil  about 
them  irre^rular.'v.  utA  ffA-r-  wljirh  ffrminait^  cither  in  irreg- 
ular figure-  Tf--'  r:  f»!!;i;/  <orfib>'  with  kriobtip|;«f<l  teeth  or  in 
cat-o*-nine-t-fei.''-  n-  t-.f^^.  N<Mtro;Hi;i  viAU^  i'¥\HH'\n\\y  those  of 
the  mosjjv  k  r^  K  -j*'  -v/wn  in  V\*:.  fj,  VhUf  II,  while  spider- 
cells  (Fi^-  A',  I'.cjv-  J.  :iU'\  Fi;'.  *-,  l'la<<*  II)  are  mainly  found 
where  the  nervc-'.e  >.  arc  \f:ry  nunjeroutj:   i,e.,  the  anterior  third 
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of  the  lobe.  The  spider-cells,  however,  which  only  differ  from 
those  found  in  the  cerebral  tissues  by  their  larger  size  in  pro- 
portion to  the  length  of  their  tentacles,  outnumber  the  other 
cells  as  the  upper  infundibular  region  of  the  lobe  is  reached. 

The  cells  included  in  the  second  class  are  all^  as  stated^ 
distinguished  by  one  or  more  protoplasmic  extensions,  which 
insinuate  themselves  between  all  the  elements  intervening  be- 
tween their  starting-point  and  the  infundibular  area  referred 
to,  where  they  break  up  into  figures.  The  lowermost  of 
these,  the  ganglion-cells  shown  in  Fig.  F,  Plate  I,  and  Fig.  /, 
Plate  II,  exemplify  this  type  very  well,  since  their  extensions 
traverse  the  entire  organ  in  an  upward  direction  and  end  in 
the  upper  infundibular  area.  Higher  up  in  the  organ  large 
pyramidal  and  oval  cells  are  found  (Fig.  0,  Plate  I;  Fig.  g, 
Plate  II,  and  g,  Plate  III),  the  terminal  subdivisions  of  which 
break  up  into  exceedingly  fine  feathery  filaments.  The  only 
axis-cylinder  of  this  cell,  after  distributing  a  few  branches  to 
neighboring  elements,  continues  upward  and  subdivides,  when 
near  the  upper  margin  of  the  infundibular  region,  into  a  com- 
plex net-work  which  entwines  the  alveoli  found  there.  A  third 
type,  characterized  by  short  dendrites  and  many  hair-like 
processes  (Fig.  H,  Plate  I,  and  Fig.  h,  Plate  III),  is  found 
throughout  tlie  entire  nervous  area  and  also  gives  off  one  long 
dendrite,  which  extends  a  long  distance  upward  and  forward; 
tliis  extension  may  possibly  reach  the  infundibular  region  or 
its  neighborliood.  Coming  from  every  direction,  these  long 
dendrites  seem,  at  any  rate,  to  point  all  toward  this  one  region. 
The  other  dendrites  are  short  and  distinguished  by  the  pres- 
ence of  more  or  less  numerous  hairy  processes,  while  some  of 
the  terminal  ramifications  are  ball-tipped — suggesting  a  pos- 
sible identity  as  collectors  of  energy,  which,  transformed  in  the 
body  of  the  cell,  are  directed  upward  by  the  long  dendrites. 

In  the  infundibular  region  of  the  lobe — i,e.,  the  cellular 
elements  of  the  third  class — the  final  ramifications  of  the  long 
dendrites  form  an  extremely  complex  aggregation  of  tufted 
figures,  wavy  threads,  and  feathery  protoplasmic  ramifications. 
In  the  midst  of  tliis  maze  of  nervous  elements  certain  cells  are 
to  be  foimd,  the  like  of  which  Berkley  has  not  been  able  to 
detect  in  any  part  of  the  central  or  peripheral  nervous  system. 
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They  are  small  and  round,  and  give  off  strong  dendrites,  which 
appear  knotted  or  covered  with  thorns,  giving  them  a  ^^prickly 
appearance'^  (Fig.  J,  Plate  I,  and  Fig.  j,  Plate  III).  Another 
variety  fonnd  in  abundance  in  this  region  is  a  small  cell  with 
a  rich,  apical  tuft  of  fine,  wavy  processes.  They  are  also  dis- 
tributed in  the  midst  of  a  net-work  of  varicose  nerve-fibers 
(Fig.  K,  Plate  I,  and  Fig.  "k,  Plate  III)  in  the  upper  and  near 
the  anterior  border  of  the  lobe  ^^along  the  space  formerly  occu- 
pied by  the  infundibular  duct.''  As  already  stated,  the  spider- 
cdl  is  to  be  found  in  great  abundance  in  this  locality,  which, 
added  to  the  other  two  varieties  of  cell,  gives  us  three  main 
cellular  elements  as  representatives  of  the  class  of  cells  found 
mainly  or  only  in  the  upper  infundibular  region  of  the  organ. 

As  already  stated,  I  do  not  regard  it  as  a  secreting  struc- 
ture. The  view  that  it  produces  an  internal  secretion  is  merely 
assumed.  Howell  found  that,  while  an  extract  of  the  anterior 
lobe  produced  no  effect,  an  extract  of  the  posterior  lobe  caused 
a  rise  of  the  blood-pressure.  Since  then,  also,  considerable  use 
of  such  extracts  has  been  made  in  therapeutics.  But  the  facts 
that  these  effects  correspond  admittedly  with  those  of  adrenal 
extract,  that  they  give  the  adrenal  reaction,  and  that  the  presence 
in  the  organ  of  chromaffin  cells  has  been  established  suggest 
that  we  are  not  dealing  with  a  secretion.  In  fact,  in  practically 
all  animals,  excepting  the  cat  and  dog,  there  is  no  connection 
with  the  third  ventricle  above. 

On  the  other  hand,  there  is,  we  have  seen,  good  ground  for 
the  belief  that,  as  I  pointed  out  in  1903,  the  posterior  lobe  is 
a  general  nerve-center,  and  that,  through  its  nervous  connection 
with  the  adrenals,  it  governs,  besides,  general  oxygenation.  That 
this  view  is  gaining  ground  is  shown  by  the  recent  statement  of 
Lewin,  of  Berlin,^®  that  "the  majority  hold  that  the  hypophysis 
is  a  ductless  gland  that  has  an  influence  over  the  nervous  system 
or  has  something  to  do  with  the  red  blood-corpuscles." 

And,  yet,  what  is  the  connecting  structure  between  the 
posterior  pituitary  body  and  the  parts  to  which,  under  such 
conditions,  its  energy  would  be  supplied?  Berkley  believes — 
erroneously  we  have  seen — ^that  none  of  the  nervous  elements 


**  Lewin:    quoted  by  Archibald  Church,  Journal  Am.  Med.  Amoo.,  Julj  10, 
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of  the  infundibular  lobe  itself  pass  beyond  its  limits  into  the 
infundibnlnm.  His  histological  work  showB  that,  while  ^all 
the  axis-cylinder  processes  and  the  long  dendrites  have  a  gen- 
eral tendency  upward  and  forward,  both  dendrites  and  neu- 
raxons  branching  as  they  proceed  onward^  all  traces  of  the 
dendrites  of  the  inferior  and  median  cells  of  the  lobe  are  lost 
some  little  distance  below  the  superior  edge/*  After  an.  allu- 
sion to  the  vessels  and  fibrillated  tissues  that  connect  the  in- 
fundibuluni  with  the  posterior  lobe,  he  says:  *T^he  whole  ar- 
rangement of  the  structures  of  the  infnndibnlnm'*  is  '*here 
altered/'  Then,  referring  to  both  lobes,  i.e.,  the  hypophysis, 
he  remarks :  "Elsewhere  it  shows  no  break  in  the  described  ar- 
rangement, the  line  of  differentiation  between  hypophysis  and 
infundibulum  being  sharply  drawn,  a  layer  of  coai^  connective- 
tissue  bundles  being  placed  between  and  separating  the  gland- 
ular and  other  structures  of  the  pituitary  from  the  tissues  of 
the  infundibulum/'  While  the  neural  lobe  is  autonomous, 
Ramon  y  Cajal,  Andriezen,  Gentes  and  others  have  conclusively 
shown,  as  previously  stated,  that  nerve-fibers  passed  from  tiiis 
lobe  and  the  pars  intermedia  to  the  tuber  cinereum  and  beyond. 
Notwithstanding  this  striking  autonomy  of  the  organ, 
tlicre  are  several  features  in  its  histological  make-up  that 
suggest  an  additional  connecting-link  between  it  and  the  in- 
fundibular structures.  Berkley  refers  to  the  "outer  lamina 
of  slightly  irregular  ependymal  cells  (Fig.  M,  Plate  I)  three 
or  four  deep,  arranged  after  the  manner  of  the  cuticviar  epi- 
thelium/* This  lamina,  which  older  anatomists  considered 
as  a  continuation  of  the  ventricular  gray  substance,  only  covers, 
we  have  seen,  tlie  free  portion  of  the  posterior  lobe  and  is  not 
continuous  with  the  infundibular  ependyma.  Again,  "there 
are  seen,  extending  from  the  thin  capsule  surrounding  it** 
(here  Berkley  alludes  to  the  capsule  that  surrounds  the  entire 
posterior  lobe),  "numbers  of  rather  thick  varicose  threads,  all 
unbranched,  and  invariably  ending,  when  their  terminations 
can  be  discovered,  in  a  ball-shaped  figure,  at  a  definite  line  in 
the  substance  of  the  body,  usually  at  the  inward  ending  of  the 
first  layer  of  epithelial  cells,  at  the  line  of  separation  from 
the  more  centrally  situated  elements.  These  knobby  threads,** 
he  says,  "strongly  resemble  the  ependymal  glia-cells  of  em- 
bryonic life,  and  possibly  may  be  related  to  them;  but,  as  their 
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basal  end  is  shrouded  in  a  blackened  aggregation  of  cellular 
masses^  their  histological  origin  must  remain  a  matter  of  some 
uncertainly/' 

If^  with  these  histological  data  before  us^  we  examine 
Plate  I^  a  suggestive  fact  asserts  itself:  i.e.,  that  the  lamina 
of  ependymal  cells  referred  to  forms  a  skull-cap-like  covering 
for  the  posterior  two-thirds  of  the  posterior  lobe.  The  glandular 
alveoli  of  the  latter,  with  their  colloid  substance,  are,  therefore, 
in  the  best  possible  position  for  the  reception  of  any  nervous 
impulse  that  the  ependymal  cells  may  be  able  to  transmit  out- 
wardly. This  is  emphasized  in  Plate  I,  which  shows  that  this 
layer  exactly  covers  the  entire  surface  of  the  posterior  region 
without  reaching  beyond  its  limits.  The  posterior  surface  of 
the  posterior  lobe  thus  seems  to  be  held  in  the  grasp,  as  it  were, 
of  its  ependymal  covering,  which  in  turn  contains  the  nervous, 
"rather  thick,  varicose  threads."  This  suggests  that  the  capsule 
may  not  be  the  insignificant  structure  it  is  now  thought  to  be. 
Even  the  fragmentary  data  we  have  concerning  it  tend  to 
indicate  that  it  plays  an  important  role  in  the  functions  of  the 
organ. 

Mere  protective  structures  are  usually  detached  without 
much  difficulty  from  the  underlying  tissues.  Berkley  states, 
referring  to  the  posterior  body:  "This  lobe  is  so  strongly  ad- 
herent to  the  dura  that  it  pulls  out  of  the  rest  of  the  pituitary 
body  in  removing  this  with  the  brain,  unless  the  membrane 
is  dissected  with  it  from  the  base  of  the  skull."  Since  the 
capsule  is  the  part  of  the  lobe  so  strongly  connected  with  the 
dura,  it  must  as  firmly  adhere  to  the  layer  of  ependymal  cells 
beneath;  otherwise  efforts  at  removal  would  tear  it  away  from 
the  latter.  This  firm  hold  of  the  capsule  on  the  cellular  layer 
is  fully  accounted  for  by  the  thin,  fibrous  partitions  the  former 
sends  through  the  latter,  but  this  in  itself  suggests  an  intimate 
relationship  between  capsule  and  cellular  layer,  especially  since 
the  ^^lackened  aggregation  of  cellular  masses,"  referred  to 
by  Berkley,  which  form  the  basal  extremities  of  the  nervous 
"threads,"  all  terminate  in  what  appears  to  be,  in  his  draw- 
ings, thickenings  in  the  capsule  proper.  That  such  a  relation- 
ship between  the  capsule  and  the  nervous  elements  must  exist 
is  further  shown  by  his  reference,  in  the  descriptive  text  of  the 

32 
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illustration,  to  Uie  "ca})6ule  of  the  lobe  thickened  in  places, 
from  which  extend  threads  that  end  in  knobs/'  etc.  That  the 
varicose  threads  and  the  capsule  are  structurally  continuous, 
the  latter  thus  dipping,  through  a  multitude  of  protoplasmic 
projections,  into  the  deeper  elements  of  the  lobe  is  evident. 

We  have  seen  that  many  features  suggest  a  relationship 
between  the  anterior  pituitary  and  the  adrenals,  through  nerves 
at  j)re8ent  considered  as  appurtenances  of  the  sympathetic  sys- 
tem. That  the  anterior  lobe  contains  but  one  kind  of  nerve 
connected  with  this  function — ^besides  its  vasoconstrictors — ^is 
shown  by  the  following  statement  of  Berkley^s :  "In  the  gland- 
ular portion  of  the  body,  nerves,  other  than  those  belonging 
to  the  sympathetic  system,  are  not  found.  They  are  very 
fine  varicose  fibers,  with  numerous  ramifications  and  branchlets 
coming  off  from  the  main  stems  at  a  right  or  slightly  obtuse 
angle.''  These  fibers  must,  therefore,  represent,  considering 
their  general  morphology  and  location,  not  terminals  of  the 
connecting  nerves  and  distributors  of  energy,  but  collectors  of 
energy,  i.e.,  of  sensory  impulses.  They  are  probably  the  fibers 
which  Cajal  traced  to  tlie  floor  of  the  third  ventricle.  If  Fig.  I 
in  Plate  III,  which  represents  a  section  of  the  glandular  por- 
tion of  the  anterior  lobe,  is  consulted,  it  will  be  seen  that  these 
nerves  present  the  two  main  characteristics  gf  the  capsular 
threads  of  the  posterior  lobe :  i,e.,  they  are  also  varicose  and  their 
tips  are  likewise  knobbed.  Since,  therefore,  the  nerves  so  dis- 
posed in  the  anterior  pituitary  are  collectors  of  energy,  the  vari- 
cose and  kiwhbcd  threads  of  the  capsules  of  the  posterior  pitui- 
tary must  also  he  collectors  of  energy.  This  is  further  sustained 
by  the  analogy  between  the  two  organs  to  which  reference  has 
already  been  made. 

That  a  direct  nervous  connection  between  the  posterior 
pituitary  and  the  infundibular  tissues,  etc.,  exists  by  way  of 
the  capsule  of  the  former  is  thus  probable — thus  making  it  pos- 
sible for  impulses  generated  in  the  depths  of  the  lobe  to  reach 
the  ventricular  structures,  irrespective  of  the  sharply  defined 
connective-tissue  separation  between  the  lobe  proper  and  the 
infundibulum.  Indeed,  such  a  separation  seems  a  necessity, 
inasmuch  as  an  impulse,  transmitted  through  the  intermediary 
of  the  capsule  must,  owing  to  the  skull-cap  shape  of  the  latter. 
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come  from  every  part  of  the  underlying  structures  and  only 
reach  the  basal  structures  through  paths  that  are  continuous 
with  the  capsule's  tissues,  and  irrespective  of  the  nerves  which 
arise  directly  from  the  two  lobes  and  pass  upward  by  way  of 
the  interior  of  the  infundibulum.  That  a  profuse  padding 
of  cellular  tissue  is  Nature's  resource  under  such  conditions 
is  well  illustrated  by  the  following  remark  of  D^jerine's :  'The 
vessels  of  the  central  nervous  system  are  surrounded  by  two 
sheaths  of  a  different  kind :  the  internal  is  connective  in  nature 
and  belongs  to  the  mesodermic  layer;  the  external,  neurogliar 
in  nature,  is  developed  at  the  expense  of  the  external,  or  ecto- 
dermic,  layer."  The  capsule  has  been  compared  to  the  cerebral 
cortex,  perhaps  with  justice,  as  we  shall  show. 

Berkley,  referring  to  the  various  cellular  structures  in  the 
deeper  portion  of  the  lobe  supplied  with  long  extensions,  says: 
"The  axis-cylinder  extensions  of  all  the  cells  in  the  inferior 
portion  of  the  lobe  turn  upward.  .  .  .  Those  belonging 
to  the  larger  proportion  of  the  smaller  cells  of  the  superior 
border  turn  upward  and  intermingle  with  the  marginal  fiber 
net- work.  .  .  .  All  the  axis-cylinder  processes  and  the 
long  dendrites  have  a  general  tendency  upward  and  forward, 
both  dendrites  and  neuraxons  branching  as  they  proceed  on- 
ward: but  all  traces  of  the  dendrites  of  the  inferior  and  median 
cells  of  the  lobe  are  lost  some  little  distance  below  the  superior 
edge,  and  then  the  neurons  only  are  intermingled  with  the 
extensions  of  tlie  smaller  superficial  cells,  passing  them,  how- 
ever, before  the  border  is  finally  reached,  where  they  spread 
out  into  a  most  extensive  fret-work  of  fine  varicose  fibers,  still 
retaining  something  of  their  previous  longitudinal  arrange- 
ment from  the  threads  of  the  uptending  fibers  being  coarser 
than  the  lateral  and  intermingling  branches.  It  is  doubtful 
whether  any  of  these  fibers  pass  beyond  the  limit  of  the  lobe 
into  the  infundibulum ;  our  sections  give  no  evidence  of  such 
an  arrangement."  This  upward  tendency  of  all  cells,  and  the 
evident  concentration  of  their  functional  activity  at  the  upper 
extremity,  seem  to  us  to  further  emphasize  the  identity  of  the 
posterior  lobe  as  a  powerful  source  of  energy.  Its  junction 
with  the  end  of  the  infundibulum  becomes,  under  these  cir- 
cumstances, the  normal  pathway  for  all  the  energy  that  the 
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organ  can  accumulate.  Capsule  and  protoplasmic  eztensians 
or  processes  all  serve  a  similar  purpose^  but  the  neck  of  the 
organ  is  its  own  functional  limit. 

We  must  not  lose  sight  of  the  fact,  however,  that  other 
nerves  penetrate  the  organ.  This  is  shown  by  the  fact  that 
Berkley  says,  in  this  connection :  "the  nerve-fibers  accompanying 
the  larger  arteries  are  sometimes  distinctly  seen  coming  from  the 
infundibular  tract  into  the  body  of  the  posterior  lobe  of  the 
gland  and  ramifying  through  it."  That  there  is  no  connection 
between  these  and  the  nervous  structures  previously  described, 
however,  is  shown  by  the  additional  statement:  "Connections 
between  the  fibers  of  the  vascular  supply  and  the  nerve-cells 
of  the  organ  we  have  never  been  able  to  observe.  That  these 
are  the  nerves  through  which  the  organ  receives  its  own  func- 
tional energy — i,e,,  the  impulses  to  its  vessels  and  alveoli, — 
as  in  the  case  of  other  organs,  is  probable.'* 

The  prevailing  view  that  the  embryonal  supporting  sub- 
stance of  the  brain  and  spinal  cord,  the  ependymal  neuroglia, 
almost  entirely  atrophies  and  disappears  in  the  adult  manmial 
would  tend  to  counteract  my  belief  that  the  capsule  and  its 
underlying  structures  are  important  factors  of  the  posterior 
lobe's  functions.  Berkley,  alluding  to  the  writings  of  various 
observers  in  this  connection,  and  referring  to  the  infundibulum 
and  other  tissues  of  the  third  ventricle  which  he  had  just 
described,  says :  "After  reading  these  statements,  it  was  some- 
thing of  a  surprise  to  find  the  above-described  beautiful  speci- 
mens of  several  types  of  ependymal  neuroglia  extending  from 
all  portions  of  the  middle  and  inferior  regions  of  the  cavity  of 
the  third  ventricle  and  reaching  to  the  periphery,  all  portions, 
bodies,  branches,  tentacles,  and  subpial  endings  being  readily 
distinguishable.  The  region  examined  is,  therefore,  very  in- 
teresting not  only  from  the  great  variety  of  neuroglia-cells 
that  may  be  seen  within  a  very  limited  area,  but  from  the 
fact  that  varieties  of  the  ependymal  neuroglia-cells,  previously 
supposed  to  have  entirely  disappeared  from  the  central  nervous 
system  in  the  adult  mammal,  are  found  present  in  perfect  con- 
dition in  the  brain  of  a  very  high  order  of  animal,  and  are  not 
confined,  as  has  previously  been  supposed,  to  those  of  adult 
reptiles,  amphibia,  and  fishes" 
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If  all  the  data  I  have  submitted  are  considered  collect- 
ively^ it  seems  to  me  that  the  following  conclusion  is  warranted : 
Removal  of  the  hemispheres  in  an  animal  does  not  arrest  its 
power  to  execute  normul  bodily  movements  under  external 
stimulation,  because  these  movements  are  dependent  upon  func' 
tional  structures  situated  in  the  base  of  the  brain  and  in  the 
spinal  cord  and  which  the  posterior  pituitary  probably  governs. 

Of  course;  this  appears  to  contradict  at  once  a  great  mass 
of  experimental  and  clinical  testimony^  but  the  contradiction 
is  only  apparent.  Bemoval  of  the  motor  areas  in  the  rabbit 
gives  rise  to  no  detectable  differences  in  the  movements;  the 
injured  animal  is  similar  to  an  intact  one.  In  the  dog^  the 
same  procedure,  according  to  Foster,  causes  "loss  or  diminu- 
tion of  voluntary  movement  in  the  corresponding  part  of  the 
body*';  but  this  is  only  temporary,  and  the  animal  may  re- 
cover to  such  a  degree  that  the  temporarily  paralyzed  limb 
cannot  be  told  from  the  normal  one.  Careful  examination  of 
the  brain  after  death  shows  that  no  regeneration  of  the  lost  part 
had  occurred.  Even  removal  of  the  whole  motor  area  causes 
no  appreciable  difference  between  the  movements  of  the  two 
sides  of  the  body  to  a  casual  observer.  In  the  monkey  the 
results  have  been  unequal:  "While  in  some  instances  recovery 
of  the  movement  has,  in  the  monkey,  as  in  the  dog,  after  awhile 
taken  place,  in  other  instances  the  ^paralysis'  has  appeared  to 
be  permanent."  .  .  .  "The  facts,  however,  within  our 
knowledge  relating  to  the  permanence  of  the  effect  are  neither 
numerous  nor  exact  enough  to  justify  at  present  a  definite 
conclusion,"  as  stated  by  Foster.  "On  the  other  hand,  the 
positive  cases,  where  recovery  has  taken  place,  are  of  more 
value  than  tlie  negative  ones,  since  in  the  latter  the  recovery 
may  have  been  hindered  by  concomitant  events  of  a  nature 
which  we  may  call  accidental."  I  might  add  that  a  single 
case  of  recovery  in  the  monkey,  when  the  motor  area  has  been 
completely  removed,  demonstrates  that,  generally  speaking, 
the  stnictures  are  functionally  similar  in  all  higher  animals, 
including  man,  judging  from  such  instances  as  the  crow-bar 
case,  or  one  reported  by  Brown-Sequard,^^  in  which  an  entire 
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lobe  was  destroyed  and  in  which  the  only  symptoms  were 
amaurosis  and  slight  headache.  This  emphasizes  the  identity 
of  the  cerebral  hemispheres  as  an  aggregate  of  centers  which 
record  impressions  and  are  the  seat  of  reason^  intelligence,  and 
volition,  but  it  also  suggests  that  the  word  "motor**  is  only 
applicable  in  its  literal  sense  to  the  areas  in  the  lower  cerebral 
mechanism :  i.e.,  the  intermediary  through  which  the  mandates 
from  the  hemispheres  are  executed. 

I  have  previously  referred  to  the  misleading  information 
afforded  by  the  use  of  electrical  stimulation.  Nowhere  in  the 
organism  does  this  seem  to  be  more  applicable  than  to  the 
brain.  This  feature  and  the  complexity  of  the  processes  in- 
volved are  fully  emphasized  in  the  following  lines  of  the  late  Dr. 
Foster:  "Some  writers  appear  to  entertain  the  conception  that 
in  a  voluntary  movement^  such  as  that  of  the  forelimb,  all 
that  takes  place  is  that  the  Viir  stimulates  certain  cells  in 
the  cortical  area,  causing  the  discharge  of  motor  impulses  along 
the  pyramidal  fibers  connected  with  those  cells,  and  that  these 
motor  impulses  travel  straight  down  the  pyramidal  tract  to 
the  motor  fibers  of  the  appropriate  nerves,  undergoing  pos- 
sibly some  change  at  the  place  in  the  cord  where  the  pyramidal 
fiber  makes  junction  with  the  fiber  of  the  anterior  root,  but 
deriving  their  chief,  if  not  their  whole,  co-ordination  from  the 
cortex  itself:  that  is  to  say,  being  co-ordinated  at  their 
starting-point.  That  such  a  view  is  untenable  and  that  the 
simplicity  of  the  electrical  phenomena  is  misleading  are  shown 
by  the  following  two  considerations,  among  others:  On  the 
one  hand,  as  Avas  shown  in  a  previous  section,  the  co-ordination 
of  movements  may  be  carried  out  apart  from  the  cortex, 
namely:  in  the  absence  of  the  hemispheres;  and  we  can  hardly 
suppose  tliat  there  should  be  two  quite  distinct  systems  of  co- 
ordination to  carry  out  the  same  movement:  one  employed 
when  volition  was  the  moving  cause,  and  the  other  when  some- 
thing else  led  to  the  movement.  On  the  other  hand,  the 
analogy  of  speech  justifies  us  in  concluding  that  the  cortical 
processes  do  take  advantage  of  co-ordination  effected  by  the 
action  of  other  parts  of  the  nervous  system." 

Eeferring  directly  to  the  general  character  of  the  processes 
involved.  Professor  Foster  says:     "Hence,  while  admitting,  as 
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we  must  do^  that  in  the  intact  animal  the  cortical  area  and 
pyramidal  tract  play  their  part  in  carrying  out  voluntary 
movements^  their  action  is  not  of  that  simple  character  sup- 
posed by  the  view  referred  to  above.  On  the  contrary,  we  are 
driven  to  regard  them  rather  as  links — ^important  links,  it  is 
true,  but  still  links — in  a  complex  chain.  As  we  have  already 
urged,  we  may  probably  speak  of  the  changes  taking  place  in 
the  pyramidal  fibers  as  being,  on  the  whole,  of  the  nature  of 
efferent  impulses;  but  we  would  go  beyond  the  evidence  if  we 
concluded  that  they  were  identical  with  the  ordinary  efferent 
impulses  of  motor  nervesf'^^  All  tlie  features  emphasized  in 
these  quotations,  especially  in  the  last  lines,  appear  to  me  to 
isolate  the  hemispheres  from  the  source  of  motor  impulses  per 
se,  and  to  confirm  what  experimental  evidence  obtained  after 
removal  of  the  hemispheres  had  suggested:  i.e,,  that  the  lower 
cerebro-spinal  structures  constitute  the  executive  intermediary 
through  which  the  cortical  mandates  are  actively  realized. 
Yet^  as  is  well  known,  these  lower  structures,  in  turn,  manifest 
their  activity  through  the  centers  imbedded  in  them;  what  is 
there  to  replace  the  energy  in  the  form  of  motor  impulses 
which  is  erroneously  supposed  to  be  awakened  by  the  "wilF^  in 
"certain  cells  of  the  cortical  area"? 

Professor  Foster  partially  answers  this  question  when  he 
says:  "The  discussion  in  a  previous  section  has  shown  that 
much  of  the  co-ordination  of  the  body  is  carried  out  by  the 
middle  portions  of  the  brain,  and  on  these  the  motor  area 
must  have  its  hold  as  on  the  spinal  mechanisms.  The  details 
of  the  nature  of  that  hold  are  at  present  unknown  to  us."  It 
would  appear  from  the  facts  reviewed  that  what  might  be 
termed  the  central  brain  and  the  spinal  cord  constitute  an 
entity — a  mechanical  entity,  perhaps — ^made  up  of  working 
centers,  beginning  with  the  olfactory  bulb  and  the  other  nerv- 
ous structures  distributed  to  the  nasal  mucous  membrane 
anteriorly,  and  terminating  with  the  end  of  the  spinal  cord: 
i.e.,  the  neural  tract  of  lower  forms.  Motility,  unconscious  co- 
ordination, and  sensation — but  only,  in  the  case  of  the  latter, 
to  the  extent  of  iransmiiting  sensory  impressions  to  their  re- 
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spective  perception-centers — would  enter  within  the  scope  of 
tiiis  central  brain. 

As  to  the  source  of  the  transmitted  energy  or  impulses,— 
apart  from  the  sensory  connections  with  underlying  structures 
which  the  cortex  possesses, — the  predilection  of  most  writers 
to  ascribe  to  the  cortical  areas  motor  functicms  but  demon- 
strates the  need  of  such  an  agency  to  logically  account  for  the 
phenomena  witnessed.  To  ascribe  to  the  central  brain  or  its 
centers  per  se  attributes  of  a  similar  kind  would  simply  amount 
to  shifting  to  it  a  convenient,  but  unknown,  quantity,  and  a 
fictitious  one  besides,  in  the  sense  that  it  supplies  nothing  to 
account  for  something.  In  the  only  nervous  system  that  I 
have  so  far  traced  to  its  origin,  that  of  the  suprarenal  glands, 
the  conversion  of  chemical  energy  into  nervous  impulses  was 
found  to  be  a  functional  attribute  of  the  anterior  pituitary 
body.  That  so  extensive  a  system  as  that  represented  by  the 
central  brain  and  cord  should  likewise  need  a  center  such  as 
that  represented  by  the  posterior  pituitary  body  for  the  con- 
version of  some  form  of  energy  of  external  source  to  satisfy 
the  needs  not  only  of  its  efferent,  but  also  its  afferent,  im- 
pulses seems  clear. 

That  the  middle  brain  is  the  source  of  the  motor  phe- 
nomena witnessed  is  not  only  suggested  by  the  fact  that  nor- 
mal muscular  contractility  promptly  recurs  after  removal  of 
the  hemispheres,  but  also  by  the  following  experiment  by 
Professor  M.  Duval:  '*If  a  part  of  the  gray  substance  of  the 
cortex  designated  as  the  center  of  certain  movements  is  cau- 
terized, the  same  movements  are  obtained  when  the  electrodes 
are  applied  upon  the  eschar  thus  produced.  .  .  .  This 
experiment  shows,'^  says  the  author,  "that  the  gray  cortical 
substance  is  not  a  necessary  experimental  condition  for  the 
production  of  localized  movements/*  Indeed,  he  states  that 
the  underlying  white  substance  of  certain  parts  will  also  cause 
circumscribed  motions  in  certain  groups  of  muscles,  etc. 

Can  the  removal  of  the  cortex  of  one  side  be  followed  by 
the  assumption  of  compensative  functions  by  the  opposite  side? 
After  the  usual  period  of  paralysis,  due  to  shock,  the  normal 
motions  promptly  recurred,  precisely  as  they  had  on  the  other 
side.    To  ascertain  whether  the  cortex  at  all  possessed  motor 
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attributes  Vulpian  passed  an  electrode  through  it,  that  part 
in  contact  with  the  cortex  being  insulated.  The  underlying 
white  substance  was  thus  alone  stimulated.  He  found  that 
the  latter  was  far  more  easily  excited  than  the  cortex.  It 
seems  clear  that  in  these  experiments  the  increased  excitabiUiy 
was  due  to  the  closer  proximity  of  the  central  brain.  '^AU  the 
functions  of  the  brain  can  persist,"  says  Brown-S6quard,  "after 
the  complete  destruction  of  an  entire  lobe.^'**  Experimental 
and  clinical  evidence,  however,  only  eliminate  motility  and  co- 
ordination from  the  hemispheres.  The  cortex,  as  regards  cere- 
bral localization,  merely  loses  the  "motor'^  attribute  suggested 
by  the  term  *%otor  area,"  and  is  shown,  by  its  functional 
relations  with  the  underlying  structures,  to  be  a  vast  sensitive 
surface,  to  the  "areas"  of  which  the  term  "sensory**  might  be 
more  fittingly  applied. 

The  practical  bearing  of  this  may  be  illustrated  by  an 
experiment  that  will  recall  some  of  the  familiar  features  of 
the  earlier  portions  of  this  work  and  at  the  same  time  point 
to  the  central  brain  as  the  source  of  motor  phenomena.  This 
experiment,  referred  to  by  Professor  Foster,  is  as  follows:  "It 
has  been  observed  that  in  certain  stages  of  the  influence  of 
morphine  the  cortex  and  the  rest  of  the  nervous  system  are 
in  such  a  condition  that  the  application  of  even  a  momentary 
stimulus  to  an  area  leads  not  to  a  simple  movement,  but  to  a 
long-continued  tonic  contraction  of  the  appropriate  muscles." 
As  previously  shown,  many  drugs  raise  the  blood-pressure  and 
thus  congest  the  adrenals  and  indirectly  the  brain.  Cerebral 
hyperaemia,  we  have  seen,  is  the  source  of  the  majority  of 
phenomena  that  follow  the  ingestion  of  drugs  that  are  suffi- 
ciently active  to  stimulate  the  adrenals.  The  intense  headache 
of  quinine  and  other  agents  is  obviously  due  to  this  congestion 
of  the  cerebral  vessels;  muscular  contractions,  tetany,  etc.,  are 
also  familiar  results  of  suprarenal  overactivity ;  indeed,  digitalis, 
one  of  the  most  active  suprarenal  stimulants,  is  particularly 
active  in  predisposing  muscles  to  ccmtraction  and  in  experimental 
animals  suitably  dosed  a  minimal  current  without  the  drug  will 
produce  maximum  ef^ecis — ^prolonged  tetany — ^with  it. 
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In  the  course  of  the  statements  to  which  I  have  referred, 
Foster,  after  ascribing  the  temporary  paralysis  observed  after 
operative  interference  to  a  condition  "of  the  nature  of  shock/' 
remarks:  "But,  even  giving  full  weight  to  this  consideration, 
there  remains  the  fact  that  the  cortical  area  is  associated  with 
various  co-ordinating  and  other  nervous  mechanisms  belonging 
to  the  limbs  by  such  close  ties  that  these  are  thrown  into  dis- 
order when  it  is  injured.  And,  side  by  side  with  this,  we  may 
put  the  remarkable  fact,  previously  stated,  that  during  an 
abnormal  condition  of  the  cortical  area — simulation  of  the 
area — instead  of  producing  the  appropriate  movements  confined 
to  the  limb  may  give  rise  to  movements  of  other  parts  cwZ- 
minating  in  epileptiform  convulsions/'^* 

If  the  word  "associated"  is  given  its  full  meaning,  limbs 
and  co-ordinating  mechanism  constituting  one  class,  and  the 
cortical  surface  the  other,  the  hemispherical  mantle  of  gray 
matter  being  considered  solely  as  a  great  sensory  surface,  the  de- 
mands of  experimental  evidence  seem  to  me  to  be  satisfied. 
What  are  epileptic  convulsions  after  all  but  manifestations  of 
excessive  motor  activity?  .  .  .  Can  the  latter  be  credited 
to  the  cerebral  cortex,  as  is  now  taught  in  text-books?  Ob- 
viously not,  since  experimental  evidence  proves  that  the  cortex 
has  no  motor  properties  per  se.  But  irritation  of  this  sensory 
surface  or  an  accumulation  of  physiological  toxics,  which  peri- 
odically becomes  sufficiently  great  to  so  stimulate  the  vasomotor 
center  as  to  cause  violent  hypera}mia,  not  only  of  the  sen- 
sory cortex,  but  also  of  its  executive  mechanism,  the  middle 
brain,  are  the  clearly  defined  causes  to  which  physiological  and 
chemical  evidence  points.  Could  the  cortex  without  the  middle 
brain  give  rise  to  the  same  phenomena?  That  sucli  is  not  the 
case  is  shown  by  tlie  preservation  of  all  motor  functions,  in- 
cluding co-ordination,  after  removal  of  the  hemispheres.  In- 
deed, it  is  only  when  the  middle  brain  is  removed  that  the 
experimental  animal  thus  deprived  of  its  sentient  cortex  and 
of  its  dynamic  center  practically  loses  its  identity  as  a  living 
thing.     Hence  it  seems  clear  that  the  motor  phenomena  caused 
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by  stimulation  of  the  motor  areas  of  the  cortex  are  manifesta- 
tions of  activity  of  the  central  gray  matter  at  the  base  of  the 
bfain,  incited  therein  by  sensory  impulses  from  these  cortical 
areas. 

What  constitutes  this  lower  brain?  The  co-ordination, 
so  evidently  preserved  in  animals  deprived  of  their  hemi- 
sphereS;  points  to  the  cerebellum  as  a  possible  member  of  the 
group  of  organs  to  be  considered  in  this  connection.  Includ- 
ing this  organ,  therefore,  and  beginning  with  the  anterior 
structures,  we  would  now  have:  the  posterior  pituitary  body; 
the  infundibulum ;  the  central  gray  matter,  forming  "a  bed 
for  the  development  of  the  nuclei  of  the  cranial  nerves";  the 
tegmental  system, — i,e.,  the  reticular  formation  in  the  medulla 
continued  to  the  subthalamic  region,  and  to  which  belong  the 
red  nucleus  and  other  bulbar  nuclei.  All  this  forms  what 
Foster  so  aptly  characterizes  as  "a  more  or  less  continuous 
column  of  gray  matter^^  connected  with  the  spinal  cord  by 
various  ties,  besides  being,  as  it  were,  "a  continuation  of  the 
spinal  gray  matter."  It  is  as  evident  that  the  optic  thalami  and 
corpora  quadrigemina  are  also  members  of  the  group,  since 
these  related  organs  appear  to  be  necessary  for  the  success  of 
the  experiment  in  which  both  cerebral  hemispheres  are  re- 
moved. Thus,  referring  to  the  frog,  Foster  says:  "In  this 
animal  it  is  comparatively  easy  to  remove  the  cerebral  hemi- 
spheres, including  the  parts  corresponding  to  the  corpora 
striata,  leaving  behind,  intact  and  uninjured,  the  optic  thalami 
with  the  optic  lobes,  the  representatives  of  the  corpora  quad- 
rigemina, thr  omall  cerebellum,  and  the  bulb.  If  the  animal 
be  carefully  fjd  and  attended  to,  it  may  be  kept  alive  for  a 
very  long  tirn?:  for  more  than  a  year,  for  instance." 

If,  witli  this  list  before  us,  we  now  examine  the  annexed 
illustration,  originally  from  His's  work,  and,  therefore,  not 
recently  drawn,  a  rather  suggestive  coincidence  appears,  indi- 
cating, perhaps,  a  total  independence,  in  the  embryo,  of  the 
region  containing  all  the  structures  enumerated  from  the 
vesicle  which  pubsequently  develops  into  the  hemisphere  of 
the  same  si^le.  In  mammals  the  latter  is  at  first  insignificant, 
hut  it  develops  very  rapidly,  soon  overlapping  the  middle 
structures.  The  outline  of  the  latter  is  colored  bluish  gray. 
The  name  of  each  part  is  given  on  the  cut :  a  feature  that  will 
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better  convey  the  mutual  relations  of  the  yarioua  BUuelurea 
included  in  this  system  than  a  verbal  description* 

Again^  the  location  of  the  posterior  pituitary  at  the  very 
head  of  the  entire  spinal  system^  as  shown  in  the  illustration, 
adds  further  testimony  to  that  already  submitted  to  demon- 
strate the  functional  relationship  between  the  nervous  stmcfc- 
ures  lying  in  the  posterior  pituitary,  including -the  floor  of  the 
fourth  ventricle,  and  the  bulb. 

A  summary  of  all  these  factfi^  t.«.,  (1)  that  the  posterior 
pituitary  body  has  a  phylogenetic  history  which  distinctly 
identifies  it  as  a  part  of  Uie  entire  neural  tract;  (2)  that  it 
presents  clearly  defined  histological  characteristics  of  an.  active 
neural  organ;  (3)  that  these  characteristics  extend  to  the  in- 
fundibulum,  the  tuber  cinereimi,  the  floor  and  sides  of  the 
third  ventricle;  (4)  that  these  structures  are  continuous  with 
the  reticular  substance  of  the  tegmental  region,  the  medulla, 
and  the  cord;  (5)  that  the  posterior  pituitary  body  has  been 
found  to  be  in  direct  relation  with  the  olfatory  center  and 
the  bulbo-spinal  axis  in  all  classes  of  vertebrates;  (6)  that  a 
current  passed  between  the  olfactory  and  medullar  centers  may 
cause  heart-inhibition  and  death;  (7)  that  various  nerve-centers 
are  included  in  the  structures  with  which  the  pituitary  is  func- 
tionally connected  in  all  vertebrates;  (8)  that  sudden  death 
is  caused  by  a  puncture  in  the  region  of  the  vagal  bulbar  center 
through  interruption  of  tlie  efferent  and  afferent  impulses 
through  which  tlie  cardio-pulmonary  system  is  incited  to  ac- 
tivity and  governed;  (9)  that  electrical  excitation  of  the  exposed 
pituitary  body  causes  an  instantaneous  rise  of  the  blood-pressure 
of  over  100  mm.  Ilg. ;  (10)  that  removal  of  the  pituitary  causes 
the  opposite,  i,e,,  an  immediate  and  great  fall  of  tlie  blood-pres- 
sure; (11)  that  division  of  the  base  of  the  brain  across  the  path 
of  nerves  known  to  originate  in  the  pituitary  body  prevents  the 
action  of  drugs,  such  as  antipyrin,  which  lower  the  temperature, 
and  also  the  action  of  pus  and  other  septic  materials  which  cause 
fever;  and  finally  (12)  that  all  functions  carried  on  normally 
after  removal  of  the  brain  are  caused  to  cease  by  removal  of 
the  pituitary,  seems  to  me  to  warrant  the  conclusion  that : — 

The  posterior  pituitary  body  is  the  chief  center  of  the  spi' 
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ruil  system,  and,  as  such  the  primary  source  of  certain  excito- 
motor  impulses  now  believed  to  arise  in  the  hvlh. 

Of  course  this  conception  conflicts  with  the  prevailing  view 
that  the  pituitary  body  is  the  source  of  an  internal  secretion ;  but 
there  is  ground  for  the  belief  that  some  leading  investigators  are 
not  convinced  of  the  existence  of  the  latter.  Swale  Vincent,  we 
have  seen,  finds  it  "extremely  difficult  to  imagine  how.  such  a 
structure,"  referring  to  the  posterior  lobe,  "can  be  regarded  as  a 
recreting  gland."  In  an  analytical  paper,  E.  A.  Schafer,^^  though 
a  partisan  of  the  secretion  theory,  concedes  that  "some  functions 
of  the  organ  might  be  conceived  to  be  carried  out  through  the 
agency  of  nerves."  Nothing  so  far  published  has,  in  my  opinion, 
raised  the  secretion  theory  beyond  the  level  of  a  plausible  as- 
sumption.   (See  also  page  173  in  the  present  volume.) 

If,  however,  the  posterior  pituitary  holds  the  important  rela- 
tion to  the  nervous  system  I  believe  it  does,  its  influence  in  the 
pathogenesis  of  general  neuroses  must  be  very  great.  No  disease 
having  so  far  been  associated  with  the  posterior  lobe,  it  inay  prove 
profitable  to  seek  among  the  symptoms  of  typical  disease  of  the 
anterior  lobe  what  signs  might  be  assigned  to  implication  of  the 
posterior,  with  which  it  is  intimately  blended. 

Acromegaly,  which  may  be  attended  by  irregularity  of  the 
reflexes,  paraesthesias,  localized  pains,  vasomotor  neuroses,  para- 
plegia, etc.,  and  known  to  be  due  solely  to  lesions  of  the  pituitary, 
suggests  itself  as  a  profitable  field  of  study  in  this  connection. 

It  is  interesting  to  note,  in  this  connection,  that  quite  a 
number  of  exceptionally  able  clinicians — von  Kecklinghausen, 
for  instance — have  considered  acromegaly  as  a  trophic  neuro- 
sis, the  organic  disease  of  the  pituitary  being  deemed  secondary. 
That  the  various  theories  adduced  also  bear  upon  nutrition 
of  the  nervous  elements  is  significant  as  testimony  in  favor 
of  my  view.  Indeed,  the  clinical  signs  that  point,  to  impaired 
nervous  action  are  numerous,  and  are  present  in  practically 
all  cases  of  acromegaly  when  the  anterior  lobe  has  become 
sufficientlv  enlar<^ed  or  functionallv  disordered  to  involve  the 
posterior  lobe,  oitlier  directly  by  pressure,  continuity  of  tissue, 
etc.,  or  indirectly  by  overstimulating  tlie  adrenals,  or,  in  the 
later  staircs,  l)y  causing  insufficiency  of  these  organs. 

1*^  Srhafer:     Proceedings  of  the  Royal  Society  of  Medicine,  May,  1^13. 
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In  a  previous  chapter  I  have,  on  good  grounds,  I  believe, 
ascribed  to  overactivity  of  the  adrenals  the  stage  of  "erethism,** 
and  to  insufficiency  of  these  glands  that  of  '^cachexia/'  But, 
if  we  ask  how  these  states  are  produced  by  the  adrenals,  the 
answer  which  would  not  have  been  available  before  now  seems 
to  be  within  our  reach. 

I  have  previously  referred  to  the  vicious  circle  that  ob- 
tains in  acromegaly.  Though  primarily  located  in  the  anterior 
pituitary,  the  lesion  probably  gives  rise  to  no  untoward  symp- 
tom until  well  advanced :  i.e.,  until  pressure  occurs  either  upon 
its  o\m  structure  by  the  pathological  elements  or  upon  the 
posterior  pituitary.  Even  slight  pressure  upon  the  whole  organ, 
as  shown  by  de  Cyon,**  gives  rise  to  marked  general  symptoms. 
But  if  the  posterior  pituitary  is  also  considered  as  a  factor  in 
the  production  of  the  symptomatic  phenomena,  as  a  source  of 
nervous  energy,  we  not  only  have  the  vascular  erethism  of 
suprarenal  overactivity,  but  distinct  evidence  of  nervous  ere- 
thism besides.  This  is  well  illustrated  by  the  following  quoted 
lines,  i.e.,  Gauthier^s  definition  of  the  erethic  stage  of  acro- 
megaly as  given  by  Hinsdale^^:  ^The  phenomena  of  erethism 
which  characterizes  the  first  stage  embraces,  first,  a  painful 
hypercesthesia,  which  manifests  itself  in  headaches  and  rheu- 
matic pains;  second,  an  hypertrophy  of  the  muscular  fibers 
which  may  give  to  patients  a  muscular  power  greater  than 
usual;  third,  palpitation  of  the  heart  accompanying  the  hyper- 
trophy of  that  organ;  and,  finally,  the  polyphagia  and  polyuria 
which  may  be  considered  to  be  connected  with  an  erethic  state 
of  the  respective  organs.^'  Everything  here  points  to  over- 
activity. But  tliese  are  only  the  milder  manifestations.  Tam- 
burini,  for  instance,  describes  a  case  in  which  "the  mental 
symptoms,  on  account  of  which  the  patient  was  sent  to  the 
asylum,  begaji  to  show  themselves  only  a  year  before  her  ad- 
mission. They  consisted  chiefly  in  delusions  of  suspicion  ac- 
companied by  threats  and  acts  of  violence.  The  patient  pre- 
sented, in  a  marked  degree,  the  bodily  changes  characteristic 
of  acromegaly.    While  in  the  asylum  she  was  confused,  resistive. 


"  De  Oyon :    Archives  de  Physlolof? le.  .July,  1898. 
^'  Hlusdale:    Loe.  cit.,  p.  30. 
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and  suicidal,  and  refused  her  food.  .  .  .  Only  the  anterior 
lobe  was  involved,  the  posterior  presenting  no  change  either 
in  volume  or  structure.*^  This  typifies  the  irritability  or  stimu- 
lation induced  by  pressure  without  organic  change. 

The  phenomena  produced  are  of  another  kind  when  both 
organs  are  involved  in  the  morbid  process,  as  appears  to  be 
the  case  in  the  following  instance  reported  by  Johnston  and 
Monro^*:  The  patient,  a  woman,  "was  taciturn  and  intellect- 
ually obtuse,  and  her  memory  was  bad.  Her  utterance  was 
thick  and  indistinct,  as  if  her  tongue  were  too  big  for  her 
mouth.  Her  gait  was  slow  and  shuflBing;  her  expression  partly 
melancholic,  partly  demented.  .  .  .  The  skin  of  the  face 
is  of  a  dull-yellowish  tint;  the  mucous  surfaces  are  pale.* 
.  .  .  Hearing  is  somewhat  impaired.  Reflexes  are  dimin- 
ished. The  subject  of  these  notes  remained  in  hospital  for 
about  four  weeks.  She  scarcely  ever  spoke,  took  no  interest 
in  anything,  and  slept  about  sixteen  hours  daily.  .  .  .  She 
was  readmitted  in  September — ^blind,  more  deaf,  more  drowsy, 
very  feeble  in  muscular  power.  She  could  no  longer  rise  with- 
out assistance.  Control  over  the  sphincters  was  lost.  .  .  . 
Paralyzed.  For  a  couple  of  months  before  death  there  was  a 
discharge  of  clear  fluid  from  the  nose.  .  .  .  The  pituitary 
body  is  represented  by  a  large,  red  mass,  almost  diffluent — 
much  softer  than  brain-substance.''  The  entire  organ  being 
destroyed,  the  posterior  lobe  had  obviously  followed  the  fate 
of  its  mate. 

In  a  case  described  by  Pirie^**  the  history  of  the  nervous 
symptoms  is  very  clearly  defined,  though  the  author  was  un- 
fortunately unable  to  obtain  an  autopsy.  **The  disease  first 
manifested  itself  in  1886,  when  menstruation  finally  ceased. 
Pains  and  panvstliesia  of  tlie  arms  and  legs  were  felt,  and 
the  patient  noticed  that  her  hands  and  feet  were  getting  larger 
and  more  awkward.  .  .  .  Along  with  the  development  of 
physical  symptoms  a  peculiar  alteration  of  mental  condition 
took  place.  Attacks  of  narcolepsy  overcame  her,  she  became 
sluggish  and  irritable,  and  she  suffered  much  from  the  ennui 
of  life.     .     .     .     Breathlessness  on   the  slightest  exertion   ap- 


1"  Johnston  and  Monro:     OlasRow  Medical  Journal,  August,  1898. 
"  Plrle:     London  Lancet,  Oct.  r>.   19<)1. 
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peared,  and  ultimately  the  xnuacle  weaiineaB  so  gained  190a 
her  that  she  had  to  take  entirely  to  bed.  .  •  •  Boiniy 
disturbances  are  marked.  Shooting  pains  in  fflmhinatimi  willi 
panesthesia,  tingling,  and  numbness  are  complained  of  in  Am 
arms  and  legs.  Neuralgic  pains  are  felt  also  in  Taiioaa  parli 
of  the  body,  viz. :  the  face,  chest,  back  and  loins.  A  lonaifc- 
able  perversion  of  thermic  sensibility  is  found  in  the  knrar 
limbs  and  over  the  front  of  the  abdomen  and  chest  up  to  about 
the  level  of  the  fourth  rib,  the  patient  having  no  sensation  of 
heat  in  these  regions.  .  .  .  Sternberg  remaiks  partioii- 
larly  on  the  occurrence  of  pain  and  paissthesia  aa  Taluabk 
signs  for  diagnosis  in  the  early  stages  of  the  disease;  tbey  are 
probably  due,  he  considers,  to  changes  in  the  cutaneous  nerrea." 

In  a  previous  chapter  I  remarked:  ^^Whether  the  mental 
symptoms  are  ascribable  to  the  cerebral  hypersemia  or  to  the 
impairment  of  certain  functions  of  the  pituitary  itself,  or  to 
both,  it  is  as  yet  impossible  to  say/'  It  now  seems  evident 
that  both  organs  are  involved  in  the  pathogenic  process.  If  the 
far-reaching  meaning  of  this  fact  is  apprehended,  it  seems 
clear  that  there  lies  hidden  under  the  whole  fabric— -of  whidi 
we  only  now  see  the  outline — a  truth  of  overwhelming  impor- 
tance to  us  physicians:  i.e.,  the  fact  that  it  is  not  alone  in 
acromegaly  thai  the  typical  signs  of  impaired  function  of  the 
posterior  pituitary  appear,  but  in  other  syndromes  directly 
ascribable  to  the  adrenal  system:  i,e,,  myxedema,  cretinism, 
exophthalmic  goiter,  and  Addison's  disease,  which  include  in 
their  aggregate  the  majority  of  organic  changes  of  a  morbiShind 
to  which  the  system  is  liable,  besides  nervous  phenomena. 

This  may  be  briefly  ilhistratod  by  further  quotations  from 
Dr.  Pirie's  excellent  paper,  entirely  devoted  to  the  one  case. 
As  regards  the  muscular  system,  the  author  states  that  **mus- 
cular  atrophy  is  a  prominent  feature,  affecting  the  thenar, 
liypothenar,  and  interossei  museles  of  the  hands,  the  forearm- 
and  arm-muscles,  the  calf-  and  tliigh-muscles,  and  also  the 
glutei,"  and  refers  to  Duchesnaii,-**  **who  has  made  a  special 
Htiuly  of  the  atrophy  of  nuiscles  in  acromegaly.  So  marked  is 
it  in  sonic  eases  that  it  lias  been  mistaken  for  syringomyelia. 


*°£>uctaefinau:   Hi^se  de  Lyon,  iSOL 
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progressiTe  muscular  atrophy,  or  aniyotrojjhic  latffnil  whTOHiH; 
it  has  also  been  mistaken  for  Charcofn  cervical  ptwhyuwu'iu- 
gitis  hypertrophica  and  for  erythronielalgia."  Uvtvrr'mn  U)  Mm* 
dein,  Pirie  says:  '^Its  chroiiiatogenouH  functioriH  an*  diHturhcd, 
much  as  in  rheumatoid  arthritis.  Sriiuli  fretrklcH  an;  fn'(|u<'iil; 
patches  of  a  yellowish  bronzing  occur  alw)  on  the  fiicr,  tho 
chesty  and  the  insides  of  tlie  thiglis.  (MotuiH  dcHcriht^H  a  l>roir/.- 
ing  such  as  occurs  in  Addison's  diHcanc.)  NiimorouH  Htnnll 
warts  are  present.  (Mollusca  fibromi  arc  dcHcribcd  in  tniuiy 
cases  and  xanthoma-like  tumors  by  Oallcnnignc.)  Tho  |)aiicnt 
suffers  from  a  brownish  eeborrhcca,  especially  troublcHonic  in 
the  scalp.  The  hair  is  thick  and  coarse  and  siandH  Hlriii^ltt 
upward.  There  is  a  scanty  bcani  and  uumMncUv,  I'rofuMr 
perspirations  are  constiintly  complained  of.  Tlic  bi-iirt  Ik  di- 
lated. There  is  tsichycardia,  the  heart  bmlin^^  nbont  !IH  In 
the  minute.  A  soft,  systolic,  hasic  nnirmnr  in  liciinl  id  Immcm. 
Palpitations  and  faintin;;  lii^  occur  very  ofl^n.  hvMpnn'ii  m 
marked,  and  astiiniatic-like  aliacks  occur,  during  which  Ihe 
patient  has  to  sit  iij)  in  bed  and  light  for  her  breath.'*  .  .  . 
"The  soft  parts  are  remarkably  changed  as  wej!  tis  i/ir  hours. 
The  scalp  is  much  thickened,  as  is  also  ilie  skin  «»f  Ihe  face. 
.  .  .  In  addition  to  ilii;  kyphosis  tiiere  is  a  c(»mpensjih»rv 
lumbar  lordosis  and  also  a  certain  degree  of  scoliosis.  The 
clavicles  are  enormously  hypertrophied.  T\w  ribs  are  thick- 
ened and  expanded,  the  cf>stal  cartilages  feel  bony,  and  there 
are  nodular  projections  resend)ling  the  'racliitic  chaplet'  at 
the  junction-;  (d*  the  ribs  and  their  cartilages."  .  .  .  **\Vith 
regard  to  the  or«j(Uis  of  special  sfnjies,  the  skin  of  tin*  eyelids 
is  thickened  and  pulTy.  The  lacrymal  glands  are  hypertro- 
phied. Increased  lacrymation  occurs  at  times,  and  I  have 
noticed  a  colloid-like  secretion  between  the  eyelids."  .  .  . 
"There  is  ami)ly()pia,  nearly  complete  in  the  left  eye,  and  color- 
vision  for  blues  and  yellows  is  defective.  Hit4'miK)ral  hemi- 
anopsia is  present.  The  pupils  contract  in  accommodation  and 
react  to  light,  though  very  sluggishly  in  the  case  of  the  left 
eye.  With  the  oj>ht.halmoscopo  optic  atrojdiy  is  found.'' 
.  .  .  "She  suffered  much  at  this  time  from  polydipsia  and 
f/h/rosuria,  and  for  over  twelve  months  there  was  an  almost 
constiint    dribbling   of   saliva   from    tlie   mouth.     .     .     .     The 
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thyroid  was  greatly  enlarged,  but  under  treatment  with  thy- 
roid substance  it  diminished  much  in  size/*  We  have  seen 
how  dependent  the  organism  is  upon  the  integrity  of  the 
suprarenal  system  when  infectious  diseases  develop. 

I  can  fully  agree  with  Harlow  Brooks-*  when  he  says: 
"It  is  quite  natural  to  expect  pronounced  abnormalities  in  the 
various  portions  of  the  nervous  system  in  a  disease  which  ex- 
hiljits  so  many  neurological  symptoms'';  and  his  statement  that 
'^examinations  of  the  nerve-tissues  have  shown  quite  extensive 
and  genera!  changes"  further  sustains  my  deductions.  Evi- 
dence of  this  kind,  garnered  from  all  sides  long  before  the 
feature  it  serves  to  support  is  thought  of,  appears  to  me  of 
the  strongest  kind.  I  again  prefer  to  use  the  author's  own 
words,  therefore,  rather  than  my  own,  when  he  reviews  the 
pathology  of  the  disease,  and  which  seems  to  me  to  portray 
in  parvo  the  main  landmarks  of  neurological  pathology.  I 
have  only  omitted  those  of  the  author's  own  estimates  that 
do  not  bear  directly  upon  my  subject  and  what  text  was  not 
purely  descriptive: — 

"Peripheral  Nerves. — The  trunks  of  the  peripheral  nerves 
are,  for  the  most  part,  enlarged;  this  is  directly  due  to  an 
increase  in  tlie  connective  tissue  of  the  endoneurium  and  peri- 
neurium. Often  the  sheaths  of  the  nerve-trunks  also  show 
considerable  thickening.  This  general  connective-tissue  hyper- 
plasia frequently  so  encroaches  on  the  nerve-fibers  as  to  destroy 
them,  and  degenerated  nerve-fibers  are  quite  commonly  found 
some  of  wliich  may  show  complete  axis-cylinder  destruction 
(Arnold,  Comini).  These  conditions  may  persist  throughout 
the  entire  nerve-trim k,  extending  even  into  the  nerve-roots. 
(Arnold,  Duchesneau.) 

"Ganglia. — In  the  posterior-root  ganglia,  also,  we  find  the 
connective-tissue  elements  greatly  increased,  so  that  even 
niacroscopically  the  ganglia  are  often  considerably  enlarged. 
Microscopically  the  ganglionic  cells  are  sometimes  pressed  upon 
and  atrophied  (Marie,  IVIarinesco).  Arnold  reports  that  he 
found  vacuoles  in  the  nerve-cells.  In  Cases  I  and  II  of  the 
authors,  the  alterations  in  the  ganglion-cells  were  slight. 


21  Harlow  Brooks:    Archives  of  Neurology  and  Psychopathology,  vol.  i,  No.  4, 
1898,  p.  592. 
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*lt  is  diflScult  to  detennine  whether  the  nerve-cell  lesions 
are  secondary,  perhaps  directly  dependent  on  the  connective- 
tissue  hyperplasia  about  the  cells  and  fibers,  or  are  primarily 
due  to  defective  nutrition  of  the  ganglion-cell  bodies.  Per- 
haps these  ganglionic  changes  are  wholly,  or  in  greater  part, 
responsible  for  the  degenerations  and  atrophies  which  take 
place  in  the  muscles  of  the  voluntary  system. 

"Sympathetic  Oanglia. — The  changes  in  the  sympathetic 
ganglia  and  trunks  have  been  made  the  subject  of  special  study 
by  several  very  prominent  investigators,  among  whom  are 
Marie,  Marinesco,  and  Arnold,  and  have  been  looked  upon  by 
many  as  factors  of  an  etiological  nature.  Finding,  as  we  do, 
such  pronounced  change  in  the  blood-vessels,  it  does  not  seem 
at  all  strange  that  lesions  in  the  sympathetic  ganglia  should 
be  present;  but  a  view  intimating  a  dependence  or  relation 
of  the  vascular  changes  to  the  lesions  in  the  sympathetic  sys- 
tem is  not  in  accordance  with  our  own  ideas  expressed  at  the 
close  of  this  paragraph.  In  general,  the  changes  in  tlie  S}'m- 
pathetic  ganglia  are  very  similar  to  those  already  described  in 
the  ganglia  and  trunks  of  the  cerebro-spinal  system.  In  some 
cases  the  size  of  the  ganglia  is  considerably  increased  (Arnold, 
Marie,  Marinesco),  and,  microscopically,  the  connective-tissue 
web  is  thickened  and  proliferating.  The  ganglion-cells  are 
often  reported  as  exhibiting  evidences  of  degeneration." 
.  .  .  "Arnold  has  found  vacuolization;  not  infrequently 
considerable  deposits  gf  pigment  are  seen  within  the  cytoplasm. 
But,  as  in  Case  II,  the  ganglion-cells  may  be  normal;  the  Xissl 
bodies  are  present  in  normal  arrangement,  volume,  and  shape, 
and  show  no  deviations  in  their  staining  reactions;  and  the 
pigmentary  deposit  is  not  abnormally  abundant.  The  s}Tn- 
pathetic  ganglia  in  the  case  reported  by  Gauthier  were  also 
normal.  It  is  advisable,  at  this  point,  to  call  attention  to  the 
fact  that  the  interstitial  hyperplasia  is  by  no  means  a  lesion 
characteristic  of  the  sympathetic  system,  but  is  simply  an  ex- 
tension of  the  general  process  so  often  alluded  to.  The  growth 
of  connective  tissue  in  the  s^inpathetic  may  depend  in  part 
on  lesions  in  the  walls  of  the  vessels;  or  both  mav  be  referable 
to  the  coninion  factor  of  deranofed  nutrition. 

"Cord  and  Medulla, — The   pathological   findings   in  both 
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the  cord  and  medulla  differ  greatly.  Virchow,  and  also  Fritsche 
and  Klebs,  have  reported  hypertrophy  of  the  medulla.  The 
spinal  cord  was  enlarged  in  the  case  reported  by  Linsmayer. 
Many  observers  have  reported  various  degenerations  in  the 
cord.  Baruch's  case  was  associated  with  symptoms  of  syringo- 
myelia; Debierre  gives  a  case  with  diseased  posterior  columns, 
while  Arnold,  Dallemagne,  and  Tamburini  have  found  at  au- 
topsy irregular  degenerated  areas  in  the  cord,  affecting,  how- 
ever, no  special  place  with  any  degree  of  constancy." 

That  the  trophic  changes  in  the  nerve-tissues  explain 
several  of  the  neurological  and  myological  symptoms  in  acro- 
megaly is  obvious,  but  these  occur  in  advanced  cases,  i.e.,  when 
such  morbid  changes  have  had  time  to  occur.  The  signs  which 
point  to  the  posterior  lobe  as  the  seat  of  an  important  center — 
in  keeping  with  physiological  data  enumerated  on  page  510 — 
occur  during  tlie  early  or  erethic  stage,  viz.,  the  painful  hyper- 
a?sthe8ias  in  the  extremities,  the  tingling,  numbness,  the  vaso- 
motor neuroses  and  the  palpitation.  Their  presence  is  explained 
by  the  marked  rise  of  blood-pressure  produced  by  irritation  of 
the  pituitary  body  proper,  observed  by  Cyon,  and  confirmed  by 
Masay,  and  by  the  long-recognized  identity  of  the  posterior 
pituitary  as  the  neural  lobe,  its  histology  and  nervous  connections. 

Pending  additional  evidence  in  this  direction  the  nature  of 
the  process  through  which  the  pituitary  influences  tlie  nervous 
system  requires  study. 

HIE  HISTOLOGY  AND  PHYSIOLOGICAL  CHEMISTRY 

OF  THE  NEURON. 

We  are  first  brought  to  inquire  into  the  relationship  be- 
tween the  modem  conception  of  the  structural  composition  of 
the  cerebro-spinal  axis  and  the  views  I  have  submitted. 
Granted,  therefore,  that  the  posterior  pituitary  body  is  the 
seat  of  a  process  through  which  chemical  energy  is  converted 
into  nervous  energy,  and  that  this  constitutes  the  nervous  im- 
pulses which  the  cerebro-spinal  axis  transmits  to  tlie  various 
organs,  how  do  the  nerve-elements  utilize  this  energy  when 
functionally,  active? 

T  refer,  of  course,  to  Waldeyer's  neuron  as  the  morpho- 
logical unit  of  the  cerebro-spinal  axis,  and  the  processes  of 
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which  are  not  in  contact,  but  sufficiently  close,  one  to  the 
other,  as  to  make  it  possible,  when  required,  for  a  nerve-impulse 
to  cross  the  interval  between  them.  These  facts  have  been 
satisfactorily  established  by  modem  methods,  especially  through 
the  labors  of  Golgi  and  Bam6n  y  Cajal.  But  the  manner  in 
which  the  gap  between  the  processes  is  closed — i.e.,  how  the 
impulse  passes  from  the  terminal  brush  of  the  axon  of  one 
nervous  element  to  the  dendrites  of  the  next — is  still  to  be 
determined.  It  has  been  suggested,  however,  that  the  processes 
behave,  in  a  limited  manner,  as  do  the  pseudopodia  of  the 
amoeba,  and  that  by  a  slight  extension  the  interval  between 
the  processes  is  closed.  When  the  processes  are  not  in  con- 
tact they  are  said  to  be  in  a  state  of  '^retraction.'*  Much  as 
such  a  function  would  facilitate  and  shorten  our  analytical 
work  could  incontrovertible  experimental  facts  be  adduced  to 
sustain  it,  we  are  brought,  by  a  review  of  the  literature  of  the 
subject,  to  recognize  that  such  facts  are  not  available.  Indeed, 
the  majority  of  physiologists  and  neuro-histologists  now  con- 
sider the  question  of  "amoeboid  movements  of  the  neuron*'  in 
the  light  of  a  working  hypothesis. 

There  is  one  feature  of  the  investigations  in  this  direction 
which  may  serve  to  throw  more  light  upon  the  whole  ques- 
tion if  one  of  the  more  prominent  deductions  submitted  by 
me  in  the  present  work  is  taken  into  consideration:  i.e.,  the 
fact  that  certain  drugs  cause  overactivity  or  insufficiency  of  the 
adrenals. 

Much  of  the  physiological  work  done  in  connection  with 
the  neuron  includes  the  administration  of  various  toxics, — 
strychnine,  chloroform,  morphine,  etc., — and  amoeboid  move- 
ments or  other  active  manifestations  of  the  protoplasmic  proc- 
esses are  thus  ascribed  to  the  action  of  the  drugs  upon  the 
neurons  per  se,  whereas,  in  the  light  of  my  views,  the  changes 
of  form  witnessed  should  be  ascribed  to  increased  or  reduced 
blood-supply  when  toxic  doses  are  given.  To  illustrate  my 
meaning  I  will  give  in  outline  an  experiment  which  repre- 
sents one  of  the  key-stones  of  the  entire  theory,  that  of 
Demoor.  Before  doing  this,  however,  it  may,  perhaps,  be  well 
to  state  that  I  will  consider  the  terms  "neuron"  as  applying 
to    the    complete    nerve*-cell,    including   processes;    "neuraxon" 
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to  the  (usually)  single  and  long  process  which  extends  along 
the  center  of  the  nerve-fiber,  and  is  then  called  "axis-cylinder; 
"dendrites"  to  the  celFs  many  processes — some  of  which  end  in 
many  branches  or  tufts — other  than  the  neuraxon.  With. 
Foster  and  Sherrington  we  will  consider  that  neuraxons  carry 
impulses  away  from  the  cell,  while  dendrites  transmit  impulses 
into  the  cell.  Two  other  prominent  morphological  features  are 
the  "gemmules" — mintite  projections  all  along  the  dendrites — 
and  their  terminal  twigs,  which  recall  those  on  the  stems  of 
the  moss-rose,  and  the  vancosBy  or  irregular,  swellings  that  may 
be  observed  in  the  course  of  the  dendrites  or  their  terminal 
twigs. 

The  experiment  of  Demoor  was  briefly  as  follows:  He 
kiUed  a  dog  by  injections  of  morphine ;  a  second  dog  was  given 
morphine  for  some  time,  then  killed  by  cutting  the  medulla; 
a  third  was  trephined.  The  next  day  a  piece  of  the  left  hemi- 
sphere of  the  latter  dog  was  removed;  the  animal  being  then 
morphinized,  another  piece — but  of  the  right  hemisphere  this 
time — ^was  removed.  Portions  of  the  hemispheres  of  the  two 
killed  dogs  having  also  been  removed,  all  specimens  were 
treated  in  precisely  the  same  manner.  The  cellular  changes 
were  found  to  be  similar  in*  all  specimens  taken  from  the  mor- 
phinized animals:  their  gemmules  had  disappeared.  Alone  of 
the  series  the  piece  removed  before  morphine  had  been  given 
was  covered  with  regularly  distributed  gemmules.  Now  the 
fact  I  wish  to  emphasize  is  this:  while  this  experiment  is 
thought  by  its  author  to  show  that  the  retraction  of  the  gem- 
mules constitutes  the  inactive  state,  as  induced  by  morphine 
through  the  local  action  this  drug  is  now  thought  to  have  upon 
nerve-cells,  the  retraction  of  the  gemmules  is  due  to  general 
vasoconstriction  of  all  arterioles,  inrludin/j  those  of  the  ad- 
renals, by  a  direct  action  of  the  morphine  upon  the  sympathetic 
center.  (See  page  1272.)  We  thus  have,  instead  of  a  purely 
local  effect,  an  example  of  the  general  physiological  process 
through  which  the  neuron  passes  from  the  active  to  the  passive 
state,  the  circulation  of  oxidizing  substance  in  the  neuron  being 
thus  inhibited. 

Again,  the  same  structures  treated  by  different  methods 
have  been  found  to  yield  diflEerent  results.     Thus,  H.  H.  Baw- 
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den-^  found  that  "all  material  treated  according  to  the  slow 
method  of  Golgi  shows,  as  a  rule,  an  almost  absolute  freedom 
from  varicosities;  varicose  cells  occasionally  occur/^  The 
mixed  method  and  the  rapid  were  found  to  yield  practically 
the  same  results  when  the  dendrites  had  taken  the  stain:  the 
gemmules  were  almost  invariably  present  and  regular.  In 
some  sections  almost  every  dendrite  was  varicose;  in  others 
hardly  any.  All  these  results  were  similar  whether  normal  or 
"toxic*'  material  was  used,  and  the  author  concludes  that  "it 
is  impossible  for  an  unprejudiced  observer  to  differentiate  or 
distinguish  between  the  two  kinds  of  material."  Lugaro,*' 
who  has  upheld  the  retraction  theory,  also  reached  the  con- 
clusion that  "imperfect  fixation  is  very  largely,  though  not 
entirely,  responsible  for  the  formation  of  varicosities  and  the 
disappearance  of  gemmules/-  Weil  and  Frank  summarize  what 
a  review  of  the  literature  of  the  subject  shows,  when  they  say: 
"The  findings  have  been  in  almost  every  case  positive,  although 
there  are  occasionally  records  of  negative  results  and  even 
contradictions, — as,  for  example,  between  the  investigations 
of  Demoor  and  of  Soukhanoff  on  the  effects  of  chloroform. 
.  .  .  Betraction  of  the  gemmulae  and  coincident  swelling  of 
the  dendrites  form  the  essential  features  of  every  description." 

Judging  from  the  foregoing  estimates  as  to  the  effects 
of  stains  upon  dendrites,  these  phenomena  are  to  be  consid- 
ered as  artifacts:  i.e.,  as  artificially  produced  changes.  Under 
these  conditions,  it  is  clear  that  the  latter  should  appear,  irre- 
spective of  the  condition  of  the  animal  at  the  time  of  its  death : 
i,e.,  whether  under  the  influence  of  toxics  as  stated,  fatigue, 
etc. 

That  prevailing  views  in  this  connection  are  erroneous  is 
my  firm  belief  after  a  critical  analysis  of  available  experimental 
evidence.  Particularlv  instructive  and  valuable  in  this  con- 
nection  are  the  experiments  of  H.  H.  Goddard,^*  which  con- 
sisted "in  cutting  through  the  entire  head  of  the  animal  at  a 
single  blow  with  a  very  thin  sharp  knife,  the  parts  of  the  head 
falling   instantly   into   large  dishes   of   Cox's   solution   warmed 


**  H.  H.  Bawden:     Journal  of  Comparative  Neurology,  May,  1900. 
"  Lugaro:     Rl vista  di  patol.   nerv.   e  ment,   vol.    ill,  1898. 
**  H.   H.   Goddard:  Jour,   of  Compar.   Neurol.,   Nov.,   1898. 
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:  '  ^'*''   i  .     In  :.i^  ilrst  experiment,  puppies  about  seren  weeks 
i'M.  ^i^Tt r>  i rvin  tla-  fdine  litter,  were  used,  the  (me  while  some- 
wi.ai  :inv..  liji  •nher  afi^T  having  slept    A  careful  count  of 
\:-v  ;\vraui:\la]   l■^ll^   of  the  wrtei  of  the  somewhat  fatigued 
r'":'i'}    P'^^    '**   T»r«»]virti"n  of  31.1  per  cent,  of  cells  showing 
v;ir:i>i>ity.  wl.ilt-  ivH?  fr«^m  the  same  region  of  the  puppy  killed 
aftir  ^llvp:lli:  wa>  >.5  ]vr  it»nt.    In  the  former  animal  15.9  per 
1 1  III.  '»f  ilu*  ivli?  ?howiHi  much  varicosity;  in  the  latter  only 
i'.>  fvr  ii'iit.  >howi-d  a  >iiiular  state.    In  the  second  experiment 
tlu'  first  of  two  sij^tor^  was  killed  on  waking  in  the  morning; 
the  M\xind  at  niglit  when  tired  and  very  sleepy.    While  it  ^Sraa 
ilii!iouit  to  lind  a  single  varic-osiiy  on  the  dendrites  of  the  morn- 
ing piippy.   for  long  dist^mcis  in  tlie  cortex  of  the  evening 
}'v.j»i»y"  it  was  dirtioult  to  tmd  a  cell  **whose  processes"  were 
"n-'t  more  or  liss  varico^*."     It  is  evident  tliat  in  these  in- 
staiucs  at   Itast   tlie  stain  was  not  alone  tlie  source  of  vari- 
o'siiit*s.  sinco  it  was  only  in  the  tired  puppies  that  the  vari- 
ct»siiios  won*  vi-ry  niarkitl,  while  in  the  thoroughly  rested  animal 
praotiral-y  iioiu*  cowW  ho  found. 

,Tiulging  from  these  experiments,  varicosity  of  the  den- 
drites eoiniiiles  with  a  fatigued  condition.  This  corresponds 
exactly  with  the  exjxTimeut  of  Demoor,  previously  described, 
since  ret  rait  ion  of  the  geninniles  is  accompanied  by  varicosity; 
so  tliat  fatigue  anil  a  large  dose  of  morphine  must -have  pro- 
thkvd  similar  results. 

If  the  staining  proi-ess  alone  caused  the  formation  of  vari- 
lositiis  in  IVnioor's  exj>erinients, — the  sjime  method  hanng 
hei-n  used  for  all  specimens. — how  is  it  that  one  of  the  latter 
sliowed  gemmules  (which  means  absence  of  varicosities),  and 
that  this  solitary  specimen  is  precisely  from  the  only  animal 
which  had  not  nveived  morphine?  Berkley-^  found  that  poi- 
soning with  alcohol  "in  considerable  doses,  continued  over  a 
moderate  time,  will  produce  decided  and  ascertainable  lesions 
of  the  nutrient  structures  and  nervous  elements  of  the  cere- 
brum'' very  similar  in  character  to  the  pathological  lesions  pro- 
duced by  other  more  virulent  soluble  poisons.  The  terminal 
twigs  of  the  dendrites  were  also  found  to  liave  become  varicose 

^Berkley:  Brain.  Winter,  1895;  and  Johns  Hopkins  Hospital  Reports,  vol. 
vi,  1897. 
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or  beaded^  the  gemmules  being  very  scarce  or  absent.  Here, 
again,  is  a  condition  which,  as  does  fatigue,  morphine,  and,  we 
may  add,  chloroform,  chloral  hydrate,  and  other  toxics  used 
by  Demoor  and  others  with  similar  results,  all  tend  in  the  one 
direction:  i.e.,  to  morbidly  reduce  functional  activity.  This  is 
a  well-known  characteristic  of  the  bromides.  In  a  study  of  the 
cortical  cells  under  the  influence  o£  poisonous  doses  of  potas- 
sium bromide,  H.  K.  Wright^*  says:  ^^If  the  primal  ascending 
dendron  is  followed  to  its  visible  termination,  several  ampuUous 
or  varicose  swellings  of  varying  size  are  met  with,^'  .  .  . 
"on  the  basal  processes  also  varicosities  are  to  be  seen;  but 
they  are  small  and,  like  those  of  the  ascending  protoplasmic 
process,  are  sharp  in  outline,  and  shorn  of  the  lateral  projec- 
tions which  obtain  on  the  unaltered  part  of  the  extensions. 
One  may  be  seen  on  each  secondary  branch,  and  ranges  in  size 
from  a  small  and  scarcely  recognizable  to  a  readily  obvious  swell- 
ing. None  of  them,  however,  reach  the  dimensions  of  the 
apical  projection  and  its  branches/^ 

If  the  method  of  staining  is  the  cause  of  all  this,  we  are 
brought  to  the  conclusion  that  it  must  be  selective  as  to  the 
parts  of  the  dendrite  it  ajflfects,  and  that  only  functiohally- 
impaired  cells  are  so  affected  by  the  stain  as  to  show  varicosi- 
ties. Even  Uien  staining  methods  would  furnish  precious  in- 
dications. But  it  seems  clear  to  me  that,  while  the  newer 
chrome-silver  methods  still  furnish  imperfect  pictures  of  the 
morbid  alterations  of  the  neuron,  they  cannot  with  justice  be 
said  to  either  cause  or  prevent  the  formation  or  disappearance 
of  gemmules  and  varicosities;  in  other  words,  that  they  are 
not  artifacts  of  the  Golgi  method.  The  marked  tendency  of 
the  swellings  to  locrate  at  the  apices,  and  the  gradual  reduc- 
tion of  the  varices  as  the  cell-body  is  approached  recall,  on  the 
other  hand,  a  well-known  pathological  principle:  i.e.,  that  the 
morl)id  effects  of  impaired  general  nutrition  are  first  felt  by 
terminal  structures. 

And  the  painstaking  experiments  of  Weil  and  Frank  do 
not  appear  to  me  in  the  least  to  prove  their  conclusions  that 
"the  varicosities  must  be  regarded  as  artifacts"  and  that  "they 


*•  H.  K.  Wright:    Brain,  Summer.  1898. 
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dept'nd  for  their  presence  and  their  amount  on  the  form  and 
metliod  made  use  of."  Demoor  employed  the  same  method  in 
each  of  his  comparative  experiments  and  his  results  were  not 
similar,  tlie  uon-morpliinized  specimen  alone  differing  from  all 
others.  Hubbard  used  the  identical  method  in  both  his  com- 
pfiraiivc  experiments,  and  likewise  obtained  results  which  di&- 
tinitlv  showed  a  marked  difference  between  the  rested  and 
fatigued  animals.  In  tliese  and  other  experiments  referred  to, 
the  patJiogenic  agency,  including  fatigue,  was  allowed  suffi- 
cient time  to  produce  alt-erations  in  the  cortical  cells,  if  nutria 
iiou  has  anything  to  do  with  the  process. 

In  Weil  and  Frank's  experiments  the  animals  were  over- 
whelmed by  the  quantity  of  toxic  administered,  and  death 
occurred,  viewed  from  my  standpoint,  by  arrest  of  the  adreno- 
cardiac  functions,  long  before  any  marked  action  upon  the  cells 
could  possibly  have  occurred.  The  doses  of  morphine  admin- 
istered were  0.38  and  0.41  gramme  (G  and  7  grains),  respect- 
ively, wuth  deatli  in  15  minut^v*^;  of  strychnine  nitrate,  0.018 
gramme  (Va  grain),  death  in  20  minutes;  of  hypertoxic  urine, 
125  to  150  cubic  centimeters  (4  to  5  ounces),  death  in  15  to 
25  minutes.  That  these  are  overwhelming  doses  in  rabbits  is 
evident  One  animal  was  killed  with  serum  (30  cubic  centi- 
met^jrs — 1  ounce)  in  5  minutes;  others  with  clhoroform  inhala- 
tions in  10  minutes;  one  by  tracheal  clamping  in  8  minutes. 
Tlie  rest,  six  animals,  wore  destroyed  instantly  by  instrumental 
l)roeediires.  In  none  of  these  animals  was  there  any  distinction 
established  as  to  whether  they  had  been  sleeping,  eating,  or 
romping,  etc.  That  some  were  old  and  others  young  in  the 
series  of  nineteen  is  prol.>able;  as  is  well  known,  erethism,  espe- 
cially in  such  delicate  structures,  is  greatly  influenced  by  age, 
and  a  few  months  in  the  rabbit  represent  as  many  decades  in 
man.  The  weight  of  each  animal  was  not  recorded  in  order 
to  establish  the  relative  action  of  a  given  dose  of  the  toxic 
used  ])er  pound  of  animal,  though,  of  course,  in  the  experi- 
ments, the  large  doses  used  precluded  any  usefulness  on  this 
score. 

Finallv,  the  authors  themselves  will  surelv  admit  that  "no 
varicosities,'^  '"varicosities,"  "slightly  varicose,''  and  "very 
sligh.tly  varicose,"   the  method  of  notation   utilized  by   them. 
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conveys  but  little  exact  information.  And  still,  even  this  sus- 
tains a  deduction  opposite  to  theirs.  Indeed,  the  short  perigd 
of  time  that  elapsed  between  the  injection  of  the  toxics  in  the 
animals  killed  in  this  manner — represented  by  108  blocks  of 
slides — ^must  have  sufficed  to  initiate  retraction  of  the  gem- 
mules  and  the  formation  of  varicosities,  since  only  10.2  per 
cent,  of  these  blocks  show  no  varicosities.  When,  on  the  other 
hand,  the  proportion  of  animals  killed  instantly  by  instru- 
mental procedures — 93  blocks  of  slides — is  analyzed,  over  two 
and  a  half  times  as  many,  i.e.,  28  per  cent.,  are  found  to  show 
no  varicosities. 

But  a  fair  question  suggests  itself  in  this  connection: 
Why  do  the  remaining  72  per  cent,  show  any  varicosities? 
Only  14  per  cent,  of  the  blocks  from  the  instantly  killed  ani- 
mals are  recorded  as  "varicose,"  the  remaining  58  per  cent, 
being  entered  as  "slightly"  or  "very  slightly"  varicose.  In  their 
explanation  of  the  scope  given  these  terms,  the  first  means  "at 
least  some  varicosities"  and  the  second  as  "only  very  few  vari- 
cosities." Now,  the  authors  state  that  "in  the  first  nine  cases 
here  recorded  the  brains  were  placed  in  fixing  fluids  within 
three  to  five  minutes."  Nothing  is  said  of  the  rest;  so  that 
we  mav  infer  that  the  ten  other  brains  were  immersed  after 
longer  intervals.  We  have  previously  seen,  when  the  conver- 
sion of  myosinogen  into  myosin  was  studied,  that  oxidation 
processes  continued  even  after  death:  i.e,,  until  all  the  oxygen 
had  been  utilized.  That  this  must  be  the  case  with  the  brain, 
which  contains  one-fifth  of  the  blood  of  the  whole  body,  and 
that  products  of  "metabolism,  especially  CO2,  should  form  in 
the  entire  encephalon  is  evident.  It  normally  follows  that  we 
have  in  this  factor  a  potent  cause  for  the  retraction  of  gem- 
mules  and  the  formation  of  varicosities. 

Indeed,  the  contrast  between  the  results  reached  speaks 
for  itself  when  compared  to  those  of  Goddard,  who  resorted 
to  procedures  in  which  the  exact  condition  at  the  instant  of 
death  were  presened,  "the  parts  of  the  head  falling  instantly 
into  large  culture  dishes  warmed  to  39°  C."  p]ven  continua- 
tion of  the  normal  brain  temperature  was  insured.  And  what 
were  Goddard's  results?  "It  was  difficult  to  find  a  single  vari- 
cosity on  the  dendrites  of  the  morning  puppy," — i.e.,  the  tlior- 
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oughly  rested  animal;  while  in  the  thoroughly  tired  one  '^for 
long  distances  in  the  cortex  ...  it  is  diflBcolt  to  find  a 
cell  whose  processes  are  not  more  or  less  varicose.''  That 
fatigue  is  the  result  of  an  accumulation  of  products  of  metabo- 
lism and  especially  CO,  is  generally  recognized. 

Goddard*s  procedure  appears  to  me  to  represent  as  nearly 
perfect  a  one  as  available  staining  methods  (Cox's  and  the  rapid 
method  show  considerable  parallelism  in  Weil  and  Frank's 
report;  wliile  the  mixed  and  slow  methods  appear  unreliable 
and  contradictory)  will  allow;  his  results,  in  my  opinion, 
portray  the  actual  changes  that  are  produced  in  the  neuron  un- 
der  the  influence  of  certain  poisons  and  during  sleep:  i.e.,  when 
the  blood-supply  of  the  brain  is  reduced."    (See  plate  p.  1264). 

Weil  and  Frank  state  tliat  they  '^are  able  fully  to  cor- 
roborate the  statement  of  Cajal  that  normal  and  toxic  mate- 
rial cannot  be  differentiated  l)y  the  number  of  varicosities  or 
of  gemniules."  The  care  with  which  such  experiments  must 
be  conducted,  apart  from  the  method  of  staining  adopted;  the 
need  of  immediate  immersion,  and  other  details  to  which  we 
have  referred,  invalidate  any  opinion  that  the  distinguished 
Spanish  histologist  may  have  expressed  on  tliis  score,  unless 
he  can  show  that  his  experiniental  physiological  procedures 
were  as  perfect  as  his  staining  work  must,  have  been.  Indeed, 
T  must  express  the  belief  that  the  greater  part  of  the  physio- 
histological  work  done  so  far  in  this  connection  is  valueless 
owing  to  the  absence  of  the  precautions  to  which  I  refer. 

Again,  Kamon  y  CajaPs  conclusions  that  "tlie  nerve-cells 
do  not  move,  but  on  the  otlier  hand,  that  the  neuroglia-cells 
do  move"  (which  underlies  his  view  as  to  the  gemmules  and 
varicosities  showing  no  difference  when  normal  or  "toxic^'), 
has  been  shown  by  Dercum  to  embodv  its  own  refutation. 
"Cajal,''  says  the  latter  author,  "points  out  the  fact  that  the 
processes  of  the  neuroglia-cells  have  numerous  slioi*t  arbores- 


"  We  wish  to  particularly  emphasize  the  fact  that  wo  arc  in  no  way  criticis- 
ing adversely  the  work  of  Drs.  W^eil  and  Frank.  Wo  have  nothing  hut  praise  to 
express  for  these  investigators.  Much  of  the  searching  inquiry  to  which  we  are 
submitting  their  paper  includes  the  use  of  features  introduced  for  the  first  time 
in  the  present  work,  and  obviously  unknown  to  them.  Indeed,  if  our  views 
eventually  prove  to  be  sound,  we  will  owe  much  to  the  counter-evidence  Drs. 
Weil  and  Frank->and,  we  may  add,  Dr.  H.  Heath  Bawden— have  published.— S. 
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cent  and  plnmed  collaterals^  and  he  states  that  in  these  cells 
two  different  phases  can  be  observed:  first,  a  stage  of  contrac- 
tion,— ^that  is,  a  stage  in  which  the  cell-processes  become  «hort- 
_ened;  and,  secondly,  a  stage  in  which  the  cell  is  relaxed, — ^that 
is,  a  stage  in  which  the  processes  of  the  nenroglia-cells  are  elon- 
gated. He  maintains  that  the  processes  of  the  neuroglia-cells 
represent  an  insulating  and  non-conducting  material,  and  that 
during  the  stage  of  relaxation  these  processes  penetrate  between 
the  arborizations  of  the  nerve-cells  and  their  protoplasmic 
processes,  and  so  make  difScult  or  impossible  the  passage  of 
the  nerve-currents;  on  the  other  hand,  in  the  stage  of  contrac- 
tion the  processes  of  the  neuroglia-cells  are  retracted,  and  they 
no  longer  separate  the  processes  of  the  nerve-cellB,  and  the 
latter  are  thus  permitted  to  come  into  contact.^  Evidently 
Ramon  y  Cajal  admits  the  very  thing  against  which  he  con- 
tends, for  if  the  nerve-cell  processes  are  at  one  time  not  in 
contact  and  at  another  are  in  contact,  they  must  certainly 
move,  and  the  question  before  us  is  self-admitted.  It  matters 
not  whether  the  processes  of  the  nerve-cells  move  little  or 
much,  but  that  they  move  at  all  is  the  question  at  issue,  and 
this  Ram6n  y  Cajal  admits,  though  he  makes  the  movement 
a  purely  passive  one.'^^®  'To  me  it  appears  clear  that,  since 
Ramon  y  Cajal  held  the  nerve-cell  to  be  a  passive  structure, 
requiring  an  independent  connecting-link  to  close  the  circuit 
with  the  adjoinng  cell,  he  must  have  denied  both  the  gem- 
mules  and  the  varicosities  any  physiological  importance.  His 
opinion,  therefore,  that  normal  material  cannot  be  differen- 
tiated from  toxic  material,  when  applied  to  the  retraction  of 
gemmules  and  the  formation  of  varicosities,  cannot  be  said  to 
rest  upon  solid  premises,  and,  for  the  time  being  at  least,  to 
in  no  wise  affect  the  question. 

In  a  comprehensive  review  of  the  anatomy  and  physiology 
of  the  nervous  system,  L.  F.  Barker'"  makes  the  following  re- 
marks :     "The  physiologist  of  the  present  day  sees  in  the  f  unc- 


**  We  wiU  see  farther  on  that  Cajal's  obserYation  as  to  the  relaxation  and 
contraction  of  neurogi la-cell  processes  is  yaluable  in  that  it  proves  that  the  Upe 
of  the  gemmules  do  not  transmit  nervous  energy. — S. 

»Dercum:    University  Medical  Magazine.  April,  1897. 

*>  L.  F.  Barker:    New  York  Medical  Journal,  May  15  et  9eq.,  1897-98. 
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tions  of  the  nervous  system,  even  in  those  which  are  most 
complicated,  only  certain  manifestations  of  energy.  Moreover, 
he  helieves  that  in  neurons,  as  in  all  other  cells  of  the  bodv 
and  as  in  the  world  generally,  the  law  of  the  conservation  of 
energ}'  during  transfonnation  holds,  and  consequently  regards 
the  phenomena  of  irritability,  as  exhibited  by  a  neuron  or  by 
groups  of  neurons,  as  the  kinetic  representative  of  the  poten- 
tial forces  of  the  cells  and  their  foodstuffs.  The  metabolic 
activities  and  the  vital  manifestations  of  the  cell  are  concomi- 
tant processes — another  example  of  the  inseparable  connection 
which  exists  between  what  we  term  matter  and  energy.  There 
has  been  in  many  quarters  a  certain  amount  of  hesitancy  in 
accepting  the  view  that  the  capacities  of  the  nervous  system, 
particularly  those  of  the  brain,  are  dependent  directly  upon 
the  chemical  and  physical  alterations  which  are  continually 
going  on  within  its  constituents:  a  hesitancy  which,  though 
it  has  in  tlie  past  proved  a  serious  obstacle  to  progress,  is 
happily  now  fast  disappearing.  For  the  plant,  all  the  evi- 
dence goes  to  prove  that  uncler  the  influence  of  sunlight  and 
heat  marked  chemical  and  physical  changes  take  place  within 
it  which  we  recognize  in  it^s  vital  processes.  In  the  animal — 
be  it  granivorous,  carnivorous,  or,  like  man,  omnivorous — it  is 
the  chemical  energy  introduced  as  food  which  represents,  in 
the  main,  the  source  of  the  energy  of  the  organism.  .  .  . 
The  physiologists  hare  been  struggling  for  fifty  years  or  more 
to  gain  an  insight  into  the  nature  of  what  they  call  nerve- 
impulses,  l)y  wliich  is  to  be  understood  the  occurrences  inside 
axons:  for  example,  at  the  time  when  we  have  good  reason 
to  believe  that  thev  are  functionallv  extraordinarilv  active. 
Their  efforts  have  supplied  us  witli  a  multitude  of  data,  phys- 
ical and  chemical,  interesting  enough,  no  doubt,  but  which  can 
serve  as  only  the  barest  prolegomena  to  an  explanation  of  the 
essence  of  the  occurrences.  If  we  are  so  badlv  informed  eon- 
cerning  these  elementary  and  fundamental  phenomena  we  may 
verv  well  be  content  to  be  modest  for  some  time  to  come  in  our 
claims  as  regards  a  physiological  psycholog}'.  It  is.  by  no  means 
impossible  that  in  the  nervous  system  forms  of  energy  are 
concerned  which  do  not  exist  outside   the  animal  bodv   and 

ft 

which    vet    remain    to    be    recognized    and    studied.     .     .     . 
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Truly,  to  find  out  tlie  properties  of  a  single  neuron  would  be 
a  task  appalling  enough;  but,  when  we  remember  that  of  the 
millions  of  neurons  in  one  individual  perhaps  no  two  are  just 
alike,  the  quest  would  seem  hopeless.  But  instead  of  burying 
ourselves  in  pessimistic  reflections,  or  being  discouraged  by 
what  is  at  present  unattainable,  by  what  may  perhaps  forever 
remain  to  us  unknowable,  we  may  profitably  turn  to  the  con- 
sideration of  some  of  the  points  which  lie  more  within  our 
ken.  One  point,  self-evident  enough  when  one^s  attention  is 
directed  to  it,  but  which  often  appears  to  have  been  overlooked 
in  connection  with  the  neurons,  is  the  unremitting  character 
of  their  activity.  With  a  metabolism  as  complicated  as  that 
occurring  within  the  nerve-units  it  is  inconceivable  that  there 
can  be  any  period  in  which  alterations  in  chemical  structure, 
and  consequently  energy  transformation,  are  not  going  on. 
From  moment  to  moment,  throughout  all  the  hours  of  the 
day  and  night,  analytical  and  synthetic  processes  are  taking 
place,  associated  with  the  alterations  in  physical  forces  which 
necessarily  accompany  these  changes.  In  common  with  every- 
thing that  lives,  the  neurons  know  no  absolute  repose.  As  I 
have  said,  in  speaking  of  their  metabolism,  periods  of  extrava- 
gant activity  may  alternate  with  periods  of  more  economic 
change,  but  total  rest  is  inconsonant  with  continuance  of  ex- 
istence. We  are  forced  to  believe  that  what  we  ordinarilv 
speak  of  as  the  passage  of  a  nerve-impulse  represents,  as  it 
were,  a  stormy  process  in  the  nerve-fiber,  and  that  just  as  absence 
of  a  storm  does  not  mean  absence  of  weather,  there  are  in  all 
probability  minor  alterations — currents,  if  you  will — passing 
to  or  fro  or  passing  to  and  fro  in  a  given  nerve-fiber  in  the  in- 
tervals between  the  more  violent  excitations." 

The  words  that  I  have  italicized  will  doubtless  recall 
some  of  the  more  prominent  features  previously  emphasized 
in  respect  to  the  relative  nervous  processes  involved  in  the 
functions  of  the  various  organs  reviewed.  I  have  termed 
"passive"  that  form  of  energ\'  continuously  transmitted  to  tis- 
sues and  vessel-walls.  A  quiet  and  steady  flow  of  blood  into 
the  cellular  stnictures,  sustained  bv  the  tonic  contraction  of 
the  arteries,  and  a  stream  of  nervous  impulses  to  the  tissues 
coinciding  in  rhythm,  perhaps,  with  that  sent  to  the  vessels. 
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siitliro  to  insuro  nutrition  and  to  hold  the  structures  thus  sup- 
plioil  rrady  for  activi»  work.    What  is  the  source  of  this  energy? 

If  thi*  posterior  pituitar}'  reinforces  the  flux  of  impulses 
wlu'ii  fiinrtional  activity  is  demanded,  passive  energy  would 
sooni  to  riH|uirt»  another  source,  and  as  the  lower,  or  middle, 
brain  ami  the  eonl  are  included  in  the  "sphere  of  influence'* 
<»f  this  or^'an,  the  hemispheres  are  the  only  parts  of  the  en- 
cephalon  that  I'an  supply  the  nc^nl.  But  they  do  not  Removal 
of  the  liemispheres,  we  have  seen,  does  not  impair  muscular 
activity;  a  fro«r  can  jump,  a  pigeon  can  fly,  etc.,  and,  after  a 
short  period  of  shock-j)aralysi8  immediately  after  the  opera- 
tions, movements?  return — evidence  that  their  nutritional 
metabolism,  incit<»d  and  regulated  by  nervous  impulses,  con- 
tinues. Kvidently,  therefore,  the  hemispheres  have  nothing 
to  do  with  the  process;  they  are  solely  the  seat  of  the  "mind,*' 
ami  constitute  an  organ  among  the  rest>  itself  supplied  witli 
vasomotor  nerves  (Obersteiner,  Gulland,  Huber,  Hiirthle, 
Cavazzani,  Franc;ois-Franck,  et  aL),  and  probably  with  its  own 
nutritional  nerve-system.  We  are,  therefore,  brought  back  to 
the  posterior  ])ituitary  as  the  only  organ"  capable  of  satisfying 
th(»  needs  of  the  situation :  t.c,  as  the  only  source  of  passive 
energy. 

This  suggests  that,  metabolism  may  suffice,  through  the 
agency  of  the  blood's  oxidizing  substance,  to  sustain  physio- 
logical activity  during  the  inter\'als  between  "stonny  processes 
of  tiio  nervt»-liber" ;  hut  this  is  promptly  shown  to  be  a  wrong 
interpretation  when  the  elfects  of  section  below  the  medulla 
are  recalled.  As  all  the  arteries  of  the  organism  are  imme- 
diately relaxed,  a  continuous  stream  of  impulses  must  have 
served  to  liold  the  vessels  in  tonic  contraction:  evidence  that 
passive  nervous  energy  is  a  factor  to  be  reckoned  with.  Thus, 
the  fact  that  all  co-ordinated  muscular  movements  continue 
after  removal  of  the  hemispheres  relegates  to  the  lower  brain 
the  function  of  supplying  active  energ}- — and,  obviously, 
passive  energy  likewise,  the  need  of  the  latter  being  shown  by 
division  of  the  medulla.  Indeed,  imasive  energy  may  well  be 
described  as  passing  to  and  fro  in  a  given  nerve-fiber  in  the 
intervals  between  the  more  violent  excitations,  while  aciive 
energy  can  as  fittingly  be  likened  to  "a  stormy  process  in  the 
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nerve-fiber'^:    both  ascribable,  it  now  seems  likely,  to  the  one 
organ,  the  posterior  pituitary  body. 

To  establish  the  functions  of  the  posterior  pituitary  within 
its  proper  physiological  limits,  however,  it  is  necessary  to  as- 
certain how  nervous  elements  in  general  and  neurons  in  par- 
ticular are  nourished,  since  it  is  upon  the  degree  of  perfection 
with  which  the  nutritive  processes  are  carried  on  by  the  blood 
that  the  functional  integrity  of  these  structures  depends. 

The  fact  that  a  general  nutritional  process  prevails,  of 
which  the  adrenal  system  is  the  primary  motive  agency,  I 
have  shown;  but  it  finds  further  suppori;  in  the  following 
statements  of  Professor  Barker's — ^which,  of  course,  but  em- 
phasize a  generally  known  fact — that,  "in  the  absence  of  sub-  * 
stances  in  the  body  derived  from  the  thyroid  gland,  the  nervous 
system  undergoes  very  important  and  serious  metabolic  modi- 
fications, evidenced  by  the  remarkable  nervous  and  mental 
phenomena  with  which  all  are  now  familiar.  On  restoring 
these  substances  to  the  body  by  the  administration  of  a  thyroid 
extract  the  symptoms  may  sometimes  be  made  to  disappear. 
It  is  likely,  however,  that  the  neurons  find  their  staple  foods 
in  the  main  nutritive  constituents  of  the  blood  as  derived  from 
the  food  digested  in  the  stomach  and  intestines  and  purified 
by  the  lymph-glands  and  liver." 

I  have,  I  believe,  satisfactorily  shown  that  the  thy- 
roid secretion  incidentally  sustains  the  activity  of  the  anterior 
pituitary  body,  and  therefore  of  the  entire  adrenal  system,  by 
pouring  its  secretion  into  the  blood.  The  functions  of  the 
digestive  organs  we  have  also  reviewed.  Among  the  latter,  how- 
lever,  are  two  upon  which  I  laid  considerable  stress, — i,e,,  the 
spleen  and  pancreas, — and  I  called  attention  to  the  great  impor- 
tance of  trypsin — the  splcnopancreatic  ferment — in  the  con- 
version of  albuminoid  substances,  and  especially  of  their  toxic 
derivatives,  into  benign  products.  These  albuminoid  substances, 
we  have  seen,  then  pass  through  the  liver,  and,  after  traversing 
the  cardiopulmonary  circuit  are  distributed  broadcast  through- 
out the  organism.  There  is  a  feature  which  I  kept  in  abeyance, 
however, — though  a  well-known  one, — since  at  the  time  its  true 
weight  would  not  have  asserted  iti=^elf :  i.r.,  the  fact  that  albu- 
minotds  include  nucleins  derived  from  the  animal  and  vegetable 

34 
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lelU  ingeaied  with  food,  which  nucletns  contain  at  least  3  per 
cent,  of  phosphorus.  We  can  now  realize  how  great  is  tlie 
{>hysinlogical  role  of  the  pancreas  and  of  the  spleen  in  the 
organism. 

IniliH.Hl,  the  functions  of  these  two  organs  may  be  said 
to  constitute  one  of  the  pillars  upon  which  tlie  vital  functions 
n»st.  As  a  constituent  of  calcium  phosphate,  phosphorus  is 
found  in  the  bones,  teeth,  cartilage,  and  other  tissues;  in  the 
Mood,  milk,  etc.,  in  quantities  which  bespeak  of  its  functional 
prominence,  since  calcium  phosphate  is  represented  by  nearly 
.*>i\  ^'Ofind.^  among  the  organism's  constituents.  Sodium  phos- 
j>hati' — wliich  gives  the  blooil,  lymph,  and  other  body-fluids 
their  alkalinity  and  fluidity,  and  the  potassium  and  magnesium 
pliosphates,  which  fulfill  much  the  same  role,  obviously  find 
in  phosphorus  their  main  dynajuic  attributes.  But  it  is  when 
we  n*arii  ibo  nervous  svstem  that  the  functional  worth  of  this 
element  reaehes  its  liighest  mark. 

How  are  nervous  structures — neurons,  axis-cylinders, 
sheaths,  etc. — adequately  supplied  with  blood-plasma,  their 
o\idi:',iii:r  suhstani'c,  their  phosphorus,  etc.? 

TiiK  TiiYsiouHUCAL  CiiKMisTRY  OF  Nerves. — ^The  func- 
tions of  myelin,  or  white  substance  of  Schwann — a  jelly- 
like homoireneous  and  transpaamt  material  which  surrounds 
the  a\is-iylinder  of  nerves,  and  is  only  separated  from  it  by 
a  thin  protoplasmic  film — may  be  said  to  be  amknown.  It 
is  a  fatly  sub^tanee,  blaokened  by  osmic  acid,  and  which, 
after  death,  coagulates  and  heeomes  opaque,  loses  its  homo- 
geneity, etc.  Myelin  is  now  universally  considered  as  a  pro- 
teetive  eoat :  a  function  wliieh  the  overlying  neurilemma  al- 
readv  fulfills.  Is  mvelin  fattv  in  the  true  sense  of  the  word? 
Kxamined  ehemieally  in  quantities,  a  very  large  proportion  of 
dried  n(M*ve-substiuu'i^ — about  one-half,  according  to  some  ob- 
siTvers — consists  of  a  peculiar  body:  eh  ol  ester  in.  This  body 
is  not  a  fat,  but  an  alcohol:  like  glvcerin,  however,  which  is 
also  an  aUndiol,  it  fonns  compoinuls  with  fatty  acids.  "Though 
we  do  not  know  definitely  the  chemical  condition  in  which 
cholesterin  exists  during  life  in  the  medulla,"  says  Professor 
Foster,  **it  is  mon^  than  probable  that  it  exists  in  some  com- 
bination with  some  of  the  really  fatty  bo<lies  also  present  in 
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the  medulla,  and  not  in  a  free  isolated  state/'  .  .  .  "Besides 
cholesterin,  Vhite^  nervous  matter  contains  a  less,  but  still 
considerable,  quantity  of  complex  fat  whose  nature  is  disputed. 
According  to  some  authorities  rather  less  than  half  this  com- 
plex fat  consists  of  a  peculiar  body,  lecithin,  which  we  have 
already  peen  to  be  present  also  in  blood-corpuscles  and  in  mus- 
cle. Lecithin  contains  the  radical  of  stearic  acid  (or  of  oleic, 
or  of  palmitic  acid),  associated,  not — as  in  ordinary  fats — with 
simple  glycerin,  but  with  the  more  complex  glycerin-phosphoric 
acid,  and  further  combined  with  a  nitrogenous  body,  neurin, 
an  ammonia  compound  of  some  considerable  complexity;  it  is 
therefore  of  remarkable  nature,  since,  though  a  fat,  it  con- 
tains both  nitrogen  and  phosphorus/*  Cholesterin  (CaeH^^O), 
lecithin  (C44Hj,oNPOg),  and  neurin  (C5H15NO2),  as  shown  by 
the  formulae,  are  all  oxygen-containing  bodies.  May  this  sup- 
posed coating  and  insolating  material,  myelin,  not  be  to  the 
nerve  what  myosinogen  is  to  muscle  ? 

Cholesterin,  we  have  seen,  is  associated  with  hepatic  func- 
tions. "It  is  singular,*'  says  Professor  Foster,  "tliat,  besides 
being  present  in  such  large  quantities  in  nervous  tissue,  and 
to  a  small  extent  in  other  tissues  and  in  blood,  cholesterin  is 
a  normal  constituent  of  bile."  I  have  previously  referred  to 
the  fact  that  this  alcohol,  the  only  one  which  occurs  in  the 
body  in  a  free  state,  combines  with  glycocholic  •  acid  in  the 
formation  of  bile,  and  is  thus  eliminated  by  the  liver.  This 
view  sustains  that  of  Austin  Flint,  who  looked  upon  cholesterin 
as  an  excrementitious  product  derived  from  the  nervous  sys- 
tem: i,e,,  the  result  of  ne^^'e-metabolism.  Cholesterin  is  pres- 
ent in  abundance  in  the  white  substance  of  the  cerebro-spinal 
axis,  as  well  as  in  the  myelin,  or  white  substance  of  Schwann, 
in  nerves,  ^^'e  have  seen,  however,  that  the  elimination  of 
excrementitious  products  by  the  liver  is  carried  out  by  the 
combination  of  various  agencies:  mainly  glycocholic  and  tauro- 
cholic  acids  derived  from  cholic  acid  through  an  oxidation 
process  in  which  the  oxidizing  substance  plays  the  predomi- 
nating role.  That  an  oxidation  process  also  occurs  in  a  nen^e 
during  functional  activity  is  suggested  by  the  following  lines 
of  !Mathias  Duval :  "Direct  experimentation  has  shown  that  the 
functionating  nerve  is  the  seat  of  increased  combustion;  this 
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is  lUiOiiipniiioil  by  the  liberation  of  lieat^  the  presence  of  which 
SihitT  has  demonstrated  even  up  to  the  nerve-centers^  under 
tlie  inlliu'nce  of  fear,  of  excitation  of  the  Benses,  of  any  cause 
-  -  in  a  word — wliich  produces  cerebral  activity.'* 

liCrithin — *^a  conspicuous  component  of  the  biain,  neiresy 
vt'lk  of  cpjr,  semen,  pus,  white  blood-corpuscles,  and  the  elec- 
triral  orjrnns  of  the  ray" — suggests  its  identity  as  at  least  one 
i»f  the  sourcos  of  energy  we  are  seeking  by  the  fact  that  if 
iiienly  alhnvtd  to  stand  at  the  ordinary  temperature  ita  solu- 
tions actpiire  an  acid  reaction  and  are  decomposed.  In  the 
intestines  it  sometimes  breaks  up  into  its  constituents:  fatty 
aiids,  glyierin,  phosphorie  acid,  and  cholin  (Howell).  Neurin 
is.  in  reality,  tholin,  and  tlierefore  a  decomposition  product  of 
Krithin.  As  pivvituisly  stated,  Tappeiner**  obtained  fatty  acids 
a<  a  rosiilt  of  cholio-aoid  oxidation.  These  facts,  of  course,  are 
o\\\\  riteil  as  mere  landmarks  to  indicate  that  we  are  dealing 
witli  oxidi/.ahle  bodies.  As  far  as  the  nerves  themselves  are 
lumonu'd,  therefore,  it  seems  probable  that  we  have  in  lecithin 
an  aironcy  capable,  by  the  character  of  its  molecule, — i.e.,  car- 
bohydrati's,  phosphonis,  etc., — of  acting  as  a  potent  source  of 
working  energy  when  brought  into  contact  witli  the  oxidizing 
suhstanro:  and  in  cholesterin  the  main  waste-product  of  nerve- 
iatabolisni. 

Admitting,  then,  that  we  have  in  the  lecithin  of  myelin 
a  Inidy  cai>ahlo  of  acting  as  a  source  of  energy  in  a  way  similar 
io  myosiiu»gen  in  nniscle,  how  does  the  oxidizing  substance  of 
the  bKuul-plasnia  reach  it?  The  nodes  of  Ranvier  and  the 
nviirileninia  that  trovers  them  allow  silver  stains  to  reach  the 
axis-cylinder,  but  the  myelin  it.^olf  does  not  permit  of  this. 
This  suggests  that  the  nodes  themselves — i.e.,  the  rings  form- 
ing then  I — may  allow  the  blood-]  )1  asm  a  to  filter  through  them, 
thus  bringing  tlie  oxidizing  substance  in  immediate  contact 
with  the  axis-cvlinder.  The  finer  anatomv  of  'nerves  indicates 
that  such  may  be  the  case.  Indeed,  the  nodes  referred  to  occur 
at  regular  intervals,  and  separate  the  nerve,  as  is  well  known, 
into  as  many  segments,  which  recall,  in  a  measure,  the  muscle- 
iiher  and  the  liver-cell  or,  at  least,  features  cliaracteristic  of 
lujth  these  stnicturcs.     Tf  the  blood-plasma  can  penetrate  the 


«  Tappolner:    Zeltschrift  fUr  Blologie,  Bd.  ill,  S.  60.  1876. 
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nodes  of  Eanvier  as  do  stains,  there  only  lies  between  it  and 
the  axis-cylinder  an  extremely  delicate  layer  of  protoplasm, — 
Mauthner's  sheath, — ^which  in  no  way  would  impede  the  en- 
trance of  the  fluid  into  the  axis-cylinder  itself. 

The  term  "cylinder'^  suggests  the  tubular  shape  of  the 
latter:  in  accordance  with  Remak's  view  that  it  consists  of  a 
delicate,  longitudinally  striated  tube,  filled  with  an  albuminous 
liquid.  The  prevailing  view,  however,  is  that  of  M.  Schultz, 
who  considers  the  axis-cylinder  as  made  up  of  fibrils  united 
by  an  intervening  unknown  substance.  This  seems  to  me  to 
vividly  recall  the  arrangement  of  muscular  fibers  as  regards 
their  relation  with  the  blood-plasma:  i.e.,  minute  fibers  into 
which  the  plasma  may  freely  enter.  Again,  we  must  not  lose 
sight  of  the  fact,  in  this  connection,  that  the  axis-cylinder  is 
nothing  but  the  elongated  axon  of  a  neuron,  and  that  the 
fibrillsB  now  referred  to,  therefore,  represent  the  intimate 
structure  of  a  neurones  axon.  Now,  as  Schafer  holds  that  these 
fibrillse  are  extremely  fine  tubes  filled  with  fluid,  and  as  the 
character  of  this  fluid  is  not  known,  I  have  good  reason  to 
believe  that  they  are  channels  for  the  blood'plasma:  i.e.,  for 
the  oxidizing  substance.         ' 

But  there  is  another  feature  which  points  to  the  axis- 
cylinder  as  a  channel  for  the  oxidizing  substance:  i.e.,  the  fact 
that  the  so-called  "medullary  sheath" — i.e.,  the  myelin  itself — 
contains  a  supposed  "supporting  frame-work."  The  striae  rep- 
resenting them  were  at  first  termed  "clefts"  or  "incisures"  by 
Schmidt,  Lautermann,  and  others,  but  Eanvier  considered 
them  as  protoplasmic  septa  which  subdivide  each  internodular 
segment  of  the  nerve  into  several  conico-cylindrical  cham- 
bers. W.  H.  W}Tin,^^  who  gives  an  excellent  review  of  this 
subject  and  the  results  of  personal  researches,  refers  to  those 
of  Rezzonico'^  and  Golgi,'*  who  "from  the  examination  of  fibers 
treated  by  a  mixture  of  bichromate  of  potash  and  osmic  acid, 
and  afterward  by  nitrate  of  silver,  find  that  each  cleft  is 
occupied  by  what  appears  to  be  a  thread  of  darkly-stained 
substance  passing  spirally  around  the  fiber.    They  consider,"  he 

•*W.  H.  Wynn:    Journal  of  Anat  and  Physiol.,  April,  1900. 
"Rezzonlco:     Archivio  per  Ic  Scl.  mod.,  Torino,  vol.   iv,  1880;  and  Gazietta 
med.  Ital.  lomb.,  Milano,  vol.  I,  1879. 

•*Golgi:    Arch,  per  le  Scl.  med. .Torino,  vol.  iv,  1880. 
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adds,  "that  the  supporting  frame-work  of  the  sheath  consists 
of  a  chain  of  funnels  surrounding  the  axis-cylinder,  each  fun- 
nel being  formed  by  a  spiral  thread/'  Tizzoni**  *1)elieve8 
that  there  is  but  one  net-work  closely  investing  the  axis- 
cylinder,  and  that  it  is  in  connection  with  the  slits  of  Lauter- 
mann."  McCarthy  is  stated  to  have  shown  that,  "after  a 
nerve  has  been  hardened  with  picric  acid  and  ammonium 
chromate,  the  medullary  sheath  contains  minute,  rod-like 
structures,  which  pass  rapidly  between  the  axis-cylinder  and 
the  primitive  sheath  so  as  to  give  the  cross-section  of  a  fiber 
the  appearance  of  a  wheel.  The  rods  stain  with  carmine  and 
hsematoxylin,  which  do  not  stain  the  myelin.  It  is  not  possible 
to  isolate  the  rods  as  separate  elements,  for  they  are  not  dis- 
tinct from  one  another,  but  united."  Finally  he  refers  to  the 
fact  that  Lautermann,  von  Stilling,  Boudanowski,  and  Mc- 
Carthy all  believe  that  there  is  "a  system  of  hollow  canals  in  the 
sheath  of  the  axis-cylinder,^'  and  himself  reaches  the  conclu- 
sion that  the  cones  they  form  are  protoplasmic,  and  not  com- 
posed of  neuro-keratin,  as  is  usually  held.  He  divides  "each 
cone  into  six  segments  placed  at  regular  distances  apart  and 
converging  from  the  primitive  sheath  to  the  axis-cylinder." 
This  is  well  shown  in  the  annexed  illustration,  reproduced  from 
his  paper.  If  we  now  consider  the  segments  as  canaliculi 
leading  from  the  axis-cylinder,  we  can  readily  see  how  the 
blood-plasma  can  penetrate  the  myelin  and  its  oxidizing  sub- 
stance, and  these  bodies  carry  on,  when  brought  into  contact, 
a  reaction  similar  to  that  which  occurs  in  muscle-fiber.  Indeed, 
if  the  various  features  enumerated  are  collectively  considered, 
it  will  become  apparent  that  the  myelin,  or  white  substance  of 
Schwann,  when  in  contact  with  the  oxidizing  substance  of  the 
blood-plasma  undergoes  a  reaction  in  which  chemical  energy  is 
liberated. 

When  we  consider  that  the  axis-cylinder  is,  as  stated,  the 
continuation  of  a  neuron's  axon,  it  is  not  difficult  to  account 
for  the  various  phenomena,  known  under  the  general  term  of 
"nerve-degeneration," — i.e.,  the  disorganization  of  myelin,  the 
dissolution  of  the  myelin,  etc., — at  the  distal  end  of  a  nerve, 


Tizzonl:    Arcblvio  per  le  Set.  med.,  vol.  Ill,  fasc.  1,  1878. 
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when  the  latter  hisus  been  cut.  Very  suggestive,  in  this  connec- 
tion, are  the  following  lines  by  Professor  Barker*':  "Waller 
proved  that  if  a  motor  nerve  was  severed  there  resulted  com- 
plete degeneration  of  the  fibers  in  the  peripheral  end,  even 


<D 


<3) 


O 


Diagram  of  Relation   Between  Longitudinal  and  Transverse 
Sections,   Showing  Cones   Cut  Across  at  Different  Levels. 

1,  at  base  of  cone;  2.  through  middle  of  cone;  3,  through  apex  of 
cone;  4,  through  interval  between  two  cones.  In  1,  2,  and  3  the  cone 
segments  and  protoplasmic  sheaths  arc  seen.  In  4  only  the  thin  pro- 
toplasmic sheaths  beneath  primitive  sheath  and  around  axis-cylinder  are 
visible.     (TT.  //.  TTi/nn.) 


to  tlie  muscles  which  tliey  govern,  the  central  end  remaining 
apparently  intact.  As  a  matter  of  fact,  the  cliang(?.s  charac- 
teristic of  the  Wallerian  deireneration  could  not,  as  a  rule, 
be  traced  farther  in  tlie  central  end  than  to  the  first  node 
of  Ranvicr."     Stewart''^  states  that  "in  the  degenerated  nerve 


"Barker:    Lor.  cit.,  p.  740. 

•'Stewart:     "Manual  of  Physiology,"  p.  G*/?. 
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t})e  tiluUstancos  iK>Iublc  in  ether  are  relatively  increased  owing, 
in  part,  ti)  fatty  degeneration  of  the  axis-cylinder/'  and  that 
'*the  porcentage  of  {)ho8phorus  is  markedly  diminished  (Mott 
and  liarratt)." 

Anothor  process  which  seems  to  acquire  a  certain  d^;ree 
of  liglit  i^»  ner^e-regeneration.  It  is  obyious  that  if  we  grant 
ihv  axis-cvlindor,  as  the  extension  of  the  axon^  all  functional 
and  nutritive  attributes^  we  may  easily  explain  peripheral 
nirYo-dcgcniration,  but  not  regeneration,  the  peripheral  seg- 
nu'iit  boin^  unprovided  for  by  reason  of  the  section.  We  know, 
on  the  rontrarVy  that  a  piece  of  the  nerve  must  be  removed  in 
order  to  prevent  reunion,  and  that  otherwise  in  two  or  three 
weeks,  and  often  earlier,  its  functions  will  be  restored.  New 
evlinders  and  fibrils  grow,  acquire  myelin,  and,  perhaps,  guided 
ujid  a}:sisted  by  (nucleated)  neurilemma,  soon  meet  those  of 
the  peripheral  segment  and  become  connected  with  them. 
l*hysiolo«rioal  functions  of  a  normal  kind  must  underlie  this 
l)roeess  even  in  tlie  peripheral  end  of  the  nerve;  otherwise 
unixMi  would  not  take  place.  Finally  .{we  can  only  refer  to  a 
fi'w  of  the  more  prominent  processes  involved  in  the  vast  sub- 
jeet  now  chiiniing  our  attention)  the  functional  phenomena 
tliat  follow  after  division  of  the  cord  distinctly  indicate  the 
continuation  of  nutrition  and  the  functional  activity — ^though 
ini}>nireil — in  the  distal  fragment.  Foster,  for  instance,  says: 
"in  the  nianunal  (dog)  after  division  of  the  spinal  cord  in  the 
dorsal  region  regular  and  apparently  spontaneoue  movements 
uni)  1)0  observed  in  the  parts  governed  by  the  lumbar  cord. 
When  the  animal  has  thoroughly  recovered  from  the  operation 
the  hind-limbs  rarely  remain  quiet  for  a  long  period  of  time; 
thev  move  restlesslv  in  various  wavs;  and,  when  the  animal 
is  suspended  by  tlie  upper  part  of  the  body,  the  pendent  hind- 
limbs  are  continually  being  drawn  up  and  let  down  again  with 
r>  monotonous  rhythmic  regularity  suggestive  of  automatic 
ihythmie  discharges  from  the  central  mechanisms  of  the  cord. 
In  the  newly-born  mammal,  too,  after  removal  of  the  brain 
movements  apparently  spontaneous  in  nature  are  frequently 
ohseiTcd.  But  all  these  movements,  even  when  most  highly 
develo])ed,  are  very  different  from  the  movements,  irregular 
and  variable  in  their  occurrence,  though  orderly  and  purposeful 
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in  their  character,  which  we  recognize  as  distinctly  voluntary/* 
Indeed,  the  nervous  energy  that  myelin  and  the  oxidizing  sub- 
stance procure  is  that  which  allows  a  frog  deprived  of  its 
hemispheres  and  its  middle  brain  ^i»  sink  in  water  as  though 
the  animal  were  of  lead/' 

The  axis-cylinder  composed  of  fibrils  into  which  blood- 
plasma  penetrates  being  continuous  with  the  axon  of  a  neuron, 
we  are  brought  to  realize  the  nature  of  the  parallelism  between 
the  functional  phenomena  of  the  latter  and  those  of  the  supra- 
renal glands  to  which  I  have  already  referred.  But  we  must 
not  lose  sight  of  the  fact  that  each  "medullated''  nerve-fiber 
is  divided  by  the  nodes  of  Ranvier  into  as  many  subdivisions, 
and  that  each  intemodal  segment  receives  its  own  supply  of 
plasma.  Does  the  neuron  receive  its  supply  through  this  chain 
of  segments,  or,  rather,  through  the  axis-cylinder  that  passes 
through  them?  That  the  former  mechanism  alone  prevails  is 
improbable,  since  so  prominent  a  part  of  the  entire  structure 
as  its  cell-body,  the  seat  of  its  nucleus,  would  hardly  be  sup- 
plied in  so  indirect  a  manner.  The  very  importance  of  its 
functions  betokens  the  existence  of  direct  supply.  Does  such 
a  vascular  system  exist  ?    Fortunately,  we  have  not  far  to  seek. 

The  Circulation  of  the  Neuron. — Barker,  in  a  review 
of  the  facts  that  have  been  adduced  for  or  against  the  neuron 
doctrine,'^  concludes  tliat  "it  may  be  said,  with  fairness,  tliat 
the  control  instituted  by  hundreds  of  histologists  in  various 
parts  of  the  world  has  practically  in  every  instance  in  which 
the  method  of  Golgi  or  the  method  of  Ehrlich  has  been  em- 
ployed gone  to  confirm  the  conception  that  the  neuron  is  a 
unit  in  the  sense  of  Waldeycr."  The  latter  investigator's 
words,  giving  the  gist  of  his  doctrine,  are  also  quoted:  "If 
we  review  the  main  advance,  made  certain  by  the  anatomical 
investigations  discussed,  it  lies,  in  my  opinion,  in  the  sliarprT 
limitation,  now  possible,  of  tlie  anatomical  as  well  as  the  func- 
tional elements  of  the  nen^ous  system  (for  such  we  have  to 
consider  the  ncrve-uniti^-neurons),  and  also  the  discovery  of 
collaterals,  with  their  end-arborizations,  by  Ool^i  and  S. 
Bamon  y  Cajal."     The  following  lines  of  Waldeyer's  are  al»o 


Barker:     Amcricmo   Journal   of   Insanity,   July,    ]%98. 
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quoted :  "If  we  assume^  with  Golgi  and  B.  Haller,  the  existence 
of  nerve  net-works,  the  conception  is  somewhat  modified,  but 
we  can  still  retain  the  nerve-units  .  .  ." — all  of  which 
tends  to  show  tliat^  while  the  neuron  doctrine  stands  on  a  solid 
foundation^  there  is  a  stumbling-block  in  its  way  which  has  not 
as  yet  been  removed.  Especially  is  this  true  since  the  investi- 
gations of  Ajwtliy,  of  Naples,  who,  after  several  years*  study, 
has  un(]uestionnbly  demonstrated  the  existence  of  a  net^work 
of  what  he  terms  "neuro-fibrils.** 

That  Apathy's  "neuro-fibrils"  as  well  as  Golgi  and  Bailer's 
nerve  net-works  are  not  nerve-elements,  but  fine  capillaries 
which  serve  for  the  circulation  of  blood-plasma,  seems  to  me 
probable.  In  the  following  extracts  the  italicized  words  will 
serve  to  call  attention  to  the  various  links  between  these  struct- 
ure? and  others  that  we  have  analyzed.  Professor  Barker  sum- 
marizes Apathy's  views  as  follows :  "Apdthy  has  been  convinced 
for  some  twelve  years  that  the  nervous  system  is  composed  of 
two  varieties  of  cellular  elements  entirely  different  from  each 
other:  nen'e-cells  and  ganglion-cells.  The  nerve-cells,  the 
architecture  of  which  is  quite  in  accord  with  that  of  muscle^ 
cells,  give  rise,  he  thinks,  to  neuro-fibrils.  A  neuro-fibril,  in 
turn,  passes  out  of  a  process  of  a  nerve-cell  and  then  goes  through 
a  number  of  ganglion-cells,  and  ultimately,  after  leaving  the  last 
gan.L^li(^n-cell  with  which  it  is  connected,  passes  more  or  less 
(liroctly  to  a  muscular  fiber  or  to  a  sensory  cell.  The  neuro- 
fibrils are,  as  conducting  substance  for  the  nerve-cells,  what  the 
mui<ch'-fbrillce  are  as  contractile  substance  for  the  muscle.  The 
pathways  to  be  followed  by  the  neuro-fibrils  are  predestined 
from  the  earliest  embryonic  stages,  for  they  correspond,  ac- 
cording to  Apathy,  to  the  intercellular  protoplasmic  bridges.** 
Tiiat  we  have  all  required  elements  in  support  of  my  belief  is 
evident;  we  have  seen  that  muscle-fibers  are,  in  reality,  deli- 
cate tubes;  that  vascular  channels  for  the  transmission  of 
blood-plasma  should  be  protoplasmic  is  as  obvious  as  is  the 
need  of  their  penetrating  into  and  out  of  the  cells. 

What  appears  to  me  as  conclusive  evidence  is  indirectly 
afforded  by  the  deductions  of  Ehrlieh,  suggested  by  his  study 
of  the  methods  of  staining  living  nerve-cells  and  their  processes 
with  methvlene-blue.     "Ehrlieh  found,"  savs  Barker,  "that  bv 
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injection  of  a  snlntion  of  metfaylene-blue  dissolved  in  salt  solu- 
tion intra  vilam  into  the  bJood-veaefls  of  an  animal,  tbe  axts- 
cj/Hndfrs  of  many  of  the  nerve-fibers  (see  Fig.  1),  as  well  as 
numerous    (particularly  sensory)    nerve-endings    (see   Fig.   2). 


The    ails-cfltDden    arc    BtslCBd    dark    blue, 
■healli  is  aomewbat  ■tolned.    The  coda  of  RoiiTt 


were  stained  after  a  time,  when  e-xposed  to  tbe  air,  an  intense- 
blue  polor,  the  otber  tissue-elements  reinaininf^  little  or  not  at 
all  affected,"  It  seema  clear  that,  if  a  solution  introduce*! 
through  blood-vessck  can  stain   the  axia-cylinders,  the  liquid 
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witliin  the  latter  niu^t  be  more  or  leae  a  coDtinution  of  that 
in  liif  lliKHl-Tos'sels.  Again,  I  have  saggeeted  that  the  blood- 
[■Wiiia,  inclu'ling  its  oxidizing  anbetance,  was  the  liquid  in  the 
iixis-cvlindtT!';  tliat  this  is  true  is  shown  by  Ehrlich's  obseira- 
u<jn  that  "the  i-onditioOB  in  the  nerre-Btnictnree  essential  to 
the  iiii'thvlene-bhie  reaction"  were,  he  thongbt  (1886) :  "(1) 
'>.\v;:i'[i  saturation;  (C)  alkalinity."  I  hare  shown  that  these 
iiru  tiie  essential  attributes  of  blood-pUsma. 


This  S0CU13  to  me  to  afford  an  insight  into  the  physiological 
cliemistn-  of  the  axis-cylinder  of  tlie  neiiraxon  when  a  short 
distance  bolow  the  latter  it  has  beLome  a  medullated  nerve. 
Indeed,  the  prevailing  view  that  the  myelin  represents  a  pro- 
tective and  insuJatiiifr  coat  may  at  least  be  said  to  be  open  to 
doubt,  especially  when  coupled  with  the  facts  that  its  chemical 
composition  is  unknown,  and  that  there  is  another  external  coat: 
the  neuro-keratin  neurilemma,  which  suggests,  by  its  composi- 
tion, that  it  is  an  isolating  covering  and  that  it  also  fulfills  this 


THE  OIKOULATION  OP  THE  NEURON.  543 

role  in  non-medullated  nerves.  That  the  myelin  is  the  seat  of 
a  combustion  process  during  which  heat  is  liberated  and  a  de- 
composition product,  cholin,  is  formed,  we  have  seen.  If  we 
now  consider  the  composition  of  the  active  component  of 
myelin,  lecithin,  i.e.,  carbohydrates  and  phosphorus,  and  its 
analogy,  as  regards  carbohydrates,  to  myosinogen,  the  prob-, 
ability  that  it  serves  as  a  source  of  energy,  as  does  the  latter 
when  in  contact  with  oxygen,  suggests  itself.  That  such  is  the 
case,  however,  is  shown  by  the  fact  that  the  contents  of  the 
neuraxon  or  axis-cylinder  fulfills  the  conditions  necessary  for 
methylene-blue  staining,  as  laid  down  by  Ehrlich,  i.e.,  oxygen 
saturation  and  alkalinity,  the  characteristics  of  blood-plasma. 
Indeed,  it  seems  to  me  pennissible  to  conclude  that : — 

1.  Myelin,  or  ihe  white  substance  of  Schwann,  is  to  nerve- 
structure  what  myosinogen  is  to  muscle-fiber:  i.e.,  its  immanent 
source  of  energy, 

2.  The  axis-cylinder  and  the  canaliculi  derived  therefrom 
are  made  up  of  fibrils  that  serve  as  channels  for  blood-plasma. 

3.  A  part  of  this  blood-plasma  penetrates  into  the  axis-cylin- 
der through  Ran  tier's  nodes. 

Jf.  Lecithin,  a  body  composed  mainly  of  hydrocarbons  and 
phosphorus,  the  artivc  constituent  of  myelin  and  a  prominent 
component  of  the  electric  organ  of  the  ray,  when  exposed  to  the 
action  of  the  oxidizing  substance  liberates  energy:  i.e.,  nervous 
energy. 

Continuing  our  quotations  from  Professor  Barker's  arti- 
cle, I  will  introduce  the  various  points  of  comparison  which 
appear  to  me  to  sustain  my  interpretation  of  Apathy's  neuro- 
fibrils. "Inside  the  ganglion-oclls  a  reticulum  of  fine  fibrils 
derived  from  the  neuro-fibrils  in  transit  can  be  stained  a  beau- 
tiful deep-violet  color  by  Apathy's  chloride-of-gold  method." 
That  the  latter  method  can  be  considered  as  similar  in  action 
to  the  methvlono-l)lue  method  and  that  the  stain  follows  the 
same  channels  and  a  fleets  the  same  chemical  constituents  of 
the  plasma  is  shown  by  the  following  remark  of  Professor 
Barker's:  "With  a  little  care  and  a  good  sample  of  methylene- 
blue  the  nervr-ptuJings  and  the  axis-cylinders  of  medullated 
fibers,  with  wliich  tlicy  are  continuous,  can  be  stained  in  a 
way  far  surpassing  in  constancy  and  complet-eness  the  best  re- 
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*ul:*  f  :he  uncertain  gold-chloride  procedure.*'  As  the  methy- 
'.•"nr-'^iue  dn*l  a  in*>iiidtHl  ehlorideH>f-gold  stains  were  those 
Ridiniy  u«oi  'r>y  A^mchy,  no  confusion  can  occur  on  this  score. 

In-It^I,  if  we  o^nvert  all  of  Apathv*s  neuro-fibrils  into 
rr.inutt  capillaries,  their  identity  as  inherent  parts  of  the  gen- 
eral ^ :rcula:i'n  :?  placvti  on  a  solid  foundation  by  the  following 
Diiidrk  if  l*n^:ess.r  Barker*:  -The  doctrine  of  the  fibrillary 
n.u.irt:'  vf  tr.e  '3.x  *n  and  un^tainable  portion  of  the  protoplasm 
«'f  :::i.-  r>rie-iT:!l  has  n:^?entlY  received  support  from  the  studies 
of  Liiiraro'*  and  Levi.**  The  former,  too,  in  his  studies  of  the 
n^rvt'-^vil  urAeT  pathological  conditions — for  example,  after 
i>«:s'  liinff  with  It'iJ  and  arsenic — ^finds  that  the  fibrils  mav  be- 
twi.f  vtry  ilisiimt  in  the  nerve-cells."  That  this  directly  points 
t«»  thf  one  systom  through  which  the  morbid  changes  can  occur, 
t.?\.  the  ailrvnal  systt-nu  and  that  it  precisely  coincides  with  the 
fortp'ing  reiiiark>  hearing  upon  this  s\*stem,  is  evident. 

The  similarity  of  the  neuro-fibril,  on  the  one  hand,  to  the 
axis-cylinder  and  its  cell-body  extensions,  on  the  other,  now 
hivoiiies  a  noniial  c^msei]uenc-e.  "Each  ncuro-fibril  is,'*  Apathy 
statts,  "made  up  of  a  large  number — near  its  origin,  at  any  rate 
— «^f  'elcinontarv  fibrils,'  and  in  the  course  which  it  follows  ele- 
mentary  tihriihv  are  being  given  off  at  short  intervals  until 
finally  the  ntniro-tihril  itself  may  be  reduced  to  a  single  ele- 
ni»-ntarv  fibril."     The  librillarv  structure  of  an  axis-cvlinder  is 

ft  •  « 

a>  clearly  roproduet'd  here  as  it  can  well  be;  the  giving  off  of 
fibrils  but  typirics  the  irregular  distribution  of  *'non-medul- 
latetl"  ner\e-libers,  and  particularly  those  of  the  "sympathetic** 
system. 

All  this  recalls  a  structure  which  appears  to  me  to  be  inti- 
mately connected  with  the  general  circulation,  the  neuraxon 
and  its  cellular  extensions,  and  Apathy's  neuro-fibrils — all 
being  cH^nsidered  as  component  parts  of  the  general  vascular 
system:   i.e.,  Virchow's  neuroglia. 

The  prevailing  view  concerning  the  rcMe  of  this  structure 
is  that  it  affords  a  supporting  frame-work  for  the  nervous  ele- 
ments. Both  in  the  white  matter  and  gray  matter  the  medul- 
la ted    nerve-fibers    are    separated    one    from    the    other    by    a 


»  Lugaro:    Rivista  dl  patol.  nerv.  e  men  tale,  vol.  I,  1896. 
*«Levl:     Rivista  dl  patol.  nerv.  e  ment..  vol.  i,  1896. 
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net-work  of  glia-fibers.  In  the  gray  substance,  however,  the 
neuroglia,  though  present  in  greater  abundance,  as  a  rule,  than 
in  the  white  substance,  varies  considerably,  the  net-work  of 
fibers  being  especially  thick  in  certain  parts.  ^The  neuroglia 
is  present  in  greatest  abundance  in  the  gray  matter  immedi- 
ately surrounding  the  central  canal  of  the  cord  and  the  ven- 
tricles of  the  brain  (the  ependyma,  as  it  is  called ),^^  says 
Stewart*^:  a  suggestive  feature  in  connection  with  the  views 
submitted  in  the  present  chapter.  The  neuroglia-cells,  as  is 
well  known,  are  of  two  kinds :  those  provided  with  mossy  proc- 
esses and  those  that  have  smootli  extensions.  A  large  number 
of  investigators  still  consider  that  the  latter  represent  true 
processes,  and  that,  by  freely  anastomosing,  they  make  up  the 
mesh-work  which  surrounds  the  nerve-cells  and  their  prolonga- 
tions. Eanvier,  however,  after  a  searching  study  of  the  sub- 
ject, was  led  to  conclude  that  the  smooth  processes  of  these 
(stellate)  glia-cells,  were  in  reality  neuroglia-fibers  which 
merely  passed  through  tlie  latter  in  all  directions,  without 
forming  part  of  the  cellular  structure  per  se.  We  have  seen 
that  Apathy's  neuro-fibrils,  when  they  left  the  "nerve-cell,^' 
aJso  passed  throtigh  the  cells  after  forming  a  reticulum  in  the 
latter:  a  feature  which  suggests  that  Apathy's  neuro-fibril  and 
the  neuroglia-fiber  may  be  structurally  similar. 

It  was  formerly  thought  that  neuroglia  was  a  variety  of 
connective  tissue,  but  this  view  no  longer  prevails.  Indeed, 
so  distinct  is  the  latt<?r  from  neuroglia  that  the  two  structures 
can  be  differentiated  from  each  other  by  the  simplest  tests; 
thus,  Eanvier  and  Malassez  found  that  connective  tissue  placed 
in  cold  water  was  not  modified  after  several  days'  maceration, 
whereas  neuroglia-fibers  were  completely  destroyed  after  two 
or  three  davs.  On  the  other  hand,  connective  tissue  was  com- 
pletely  destroyed  by  prolonged  boiling  in  water,  while  neu- 
roglia was  hardly  altered  imder  similar  conditions.  The  sug- 
gestive relationship  between  Apathy's  neuro-fibrils  and  glia- 
fibers  offers  some  ground  for  the  belief  that  glia-fibers  are  also 
nervous  elements.  This  appears  to  be  sustained  by  tlie  fact 
that  identical  results  ensue  when  nerve-fibers  and  connective 
tissue  are  submitted  to  the  last  of  the  two  tests  mentioned,  the 


*»  Stewart:    Physiology,  p.  671.  1900. 
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tvollen^  even  globular  in  outline/'  The  extensions  were  also 
ihi<^er  and  more  nodular.  "Are  these  elements,  which  belong 
to  the  lymphatic  apparatus^''  queries  the  author,  "taking  up 
MrUus  from  the  degenerating  protoplasm  of  the  nerve>cells 
and  becoming  engorged?'*  The  conclusion  that  they  belonged 
to  the  lymphatic  system  was  reached  because  they  were  found 
to  contain  lymph,  which,  in  the  language  of  Johannes  Miiller, 
18  *T)lood  without  its  red  corpuscles":  i.e.,  hlood-plasma,  and, 
of  course,  its  due  proportion  of  oxidizing  substance. 

Evidently  then,  it  is  the  plasma  found  in  the  capillaries 
of  cellular  elements  of  all  organs  which,  crowded  by  excessive 
back-pressure  (due  to  the  marked  contraction  of  the  central 
vascular  trunks  induced  by  the  poisons),  causes  the  endothelial 
plates  or  cells  constituting  the  walls  of  what  Berkley  terms  the 
''intermediary  vessels"  to  look,  using  his  words,  "as  if  they 
had  been  subjected  to  severe  strain,"  as  their  even  walls  have 
''many  irregular  bulges  in  their  outlines."  That  the  neuroglia- 
fibers  are  the  channels  through  which  it  is  transmitted  is  also 
suggested  by  a  remark  made  in  connection  with  the  effects  on 
the  gemmules,  the  retention  of  which,  writes  Berkley,  "clearly 
shows  that  the  swelling  comes  from  within  the  substance  of  the 
stem  and  pushes  the  gemmulae,  which  are  still  adherent,  otrf- 
wardly  and  apart." 

Does  a  direct  connection  between  the  neuroglia-fibers  and 
the  protoplasmic  processes  of  neurons  exist,  as  suggested  by 
the  fact  that  Apathy's  ncuro-fibrils  are  stated  by  him  to  pene- 
trate the  cell-bodies — provided  his  fibrils  are  glia-fibers?  To 
establish  this  upon  a  firm  basis,  the  thickening,  bulging,  etc., 
found  by  Berkley  upon  the  vascular  neuroglia  must  also  be 
shown  to  extend  to  the  processes  of  the  neuron. 

Golgi  has  expressed  the  opinion  that  the  greater  part  of 
the  nerve-cell — i.e.,  the  entire  stnicture  excepting  the  axis- 
cylinder — was  concerned  with  its  nutrition:  a  view  which  met 
with  considerable  dissension.  Among  the  opponents  of  this 
interpretation  was  Forel/^  who  contended  that  the  entire  cell 
was  simultaneously  endowed  with  nutritional  and  functional 
attributes.     This  conception  was  defended*  by  Ramon  y  CajaJ*, 


^Forel:    Archly  fQr  Psychiatrie  und  Neryenheilkunde,  vol.  1887. 
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and  seems  likewise  sustained  by  our  analysis,  so  far.  Indeed, 
we  have  seen  that  the  axis-cylinder,  if  my  interpretation  is 
sound,  is  able,  through  the  presence  of  its  coat  of  myelin  and 
its  plasma-containing  fibrils,  not  only  to  supply  chemical — 
probably  nervous— energy,  but  also  to  undergo  nutritional 
metabolism.  Can  we  say  the  same  of  the  cell-body  of  the 
neuron? 

We  have  seen  that  the  fibrils  penetrate  the  nerve-cell,  and 
that  various  poisons,  as  shown  by  Lugaro  and  Leri,  cause  them 
to  become  "very  distinct."  Referring  to  the  intracellular 
distribution  of  the  fibrils.  Barker  says  of  Apathy:  "He  de- 
scribes the  finer  peripheral  neuro-fibrils  as  follows:  They  are 
seen  to  enter  tlie  cell-body  and  passing  out  to  the  peripheral 
part  of  its  protoplasm,  there  to  break  up  into  a  complicated 
plexus  composed  of  anastomosing  elementary  fibrils  in  the 
outer  chromatic  zone.  From  this  peripheral  plexus  there  pass 
through  the  *inner  alveolar'  zone  radial  branches  to  the  in- 
ternal chromatic  zone,  in  which  is  to  be  seen  another  fine 
plexus  of  elementary  fibrils,  which,  anastomosing  and  converg- 
ing, finally  form  the  single  strong  motor  neuro-fibril,  which 
passes  out  of  the  cell  through  the  very  center  of  its  pyriform 
process.  In  other  animals  studied  by  Apathy  there  are  cells 
with  definite  dendrites  entirely  separate  from  the  axon  and  in 
these  the  cellulipetal  neuro-fibrils  enter  by  way  of  the  dendrites, 
ramify  and  anastomose  freely  inside  the  cell-body,  and  then, 
reuniting,  take  their  exit  from  the  cell  by  way  of  the  axon. 
Similar  relations  exist  in  the  ganglion-cells  of  the  vertebrates 
which  lie  has  studied  thus  far." 

This  strikingly  coincides  with  the  course  of  the  plasma- 
fibrils  or  capillaries  as  I  interpret  it.  Indeed,  if  the  fibrils 
enter  the  cell,  form  a  plexus  therein,  and  pass  out  ^%y  the  way 
of  the  axon":  fibril,  plexus,  and  axon  represent  a  continuous 
channel  which  must  contain  plasma,  since  I  have  ascertained 
that  the  axon  contains  this  fluid.  Again  we  obtain  a  clear 
indication  as  regards  the  path  of  the  blood-stream:  it  enters 
by  the  dendrites  and  passes  out  by  way  of  the  axon.  It  is  with 
the  dendrites,  therefore,  that  the  vascular  neuroglia-fibers 
found  thickened,  globular,  etc.,  by  Berkley  in  his  poisoned 
animals  must  be  connected.     But  this  fact  suggests  that  these 
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strnctures  should  likewise  present  irregular  swellings  under 
the  influence  of  the  same  agencies^  and  that  the  axis-cylinder 
should  show  less^  the  intracellular  formation  of  plexuses  and 
anastomoses  interposing  a  barrier  to  the  too  free  passage  of 
plasma.  That  such  is  actually  the  case  is  illustrated  by  the 
acnnexed  plates  by  Berkley,  which  represent  the  lesions  found 
in  the  neurons  of  the  poisoned  animals  to  which  reference  has 
been  made. 

If  the  protoplasmic  processes  or  dendrites  are  the  first  to 
bear  the  brunt  of  the  vascular  engorgement,  the  plasma  being 
carried  to  them  through  fibrils  connected  with  their  tips,  these 
tips  or  extremities  should  first  show  evidence  of  the  expansile 
pressure.  This  is  well  illustrated  in  Fig.  1,  a  "psychical  cell 
from  the  second  cellular  layer  of  the  cortex,*^  which  shows,  using 
Berkley^s  words,  "a  few  pathological  tumefactions  on  the  upper- 
most branches  of  the  apices  of  the  apical  dendrite.  Other- 
wise the  cell  is  normal."  This  cell  was  selected  from  a  section 
derived  from  the  brain  of  an  animal  poisoned  with  ricin,  death 
having  occurred  in  thirty-six  hours.  A  feature  of  importance, 
however,  is  that  it  is  the  main,  or  apical,  dendrite — ^that  giving 
off  the  greatest  number  of  subdivisions — which  shows  the  evi- 
dences of  engorgement;  the  extremities  of  the  other  dendrites 
are  not  thickened,  but  they  show  more  or  less  marked  evidences 
of  engorgement  as  the  main  trunk  is  approached.  This  ob- 
viously suggests  that  the  plasma  penetrates  the  neuron  by  way 
of  the  main  dendrite  and  that  it  finds  its  way  into  its  col- 
laterals cellulipetally;  in  other  words,  that,  instead  of  also 
entering  these  collateral  branches  by  way  of  their  tips,  it  is 
supplied  to  them  by  the  main  trunk — precisely  as  if  it  were 
the  main  stalk  of  a  plant.  Of  course,  this  does  not  mean  that 
the  apices  of  the  collaterals  may  not  subsequently  show  thick- 
enings; being  terminals,  they  should  naturally  do  so  when  the 
pressure  exceeds  a  given  limit.  This  feature  is  illustrated  by 
Pig.  2,  especially  by  the  larger  stem  of  the  main  trunk.  This 
cell,  a  projection-cell  from  the  second  layer  of  the  cortex,  shows 
the  effects  of  forty-eight  hours'  ricin  poisoning:  i.e.,  of  some- 
what more  prolonged  engorgement. 

Worthy  of  special  notice,  also,  is  the  fact  emphasized  by 
Berkley   (referring  to  Fig.  2),  that:    "there  is  now  distinct 
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diminution  of  the  gemmulas  wherever  the  swellings  are  found" 
— ^which  suggests  that  these  minute  ball-tipped  projections  from 
all  collaterals  are  structurally  similar  to  them,  and  that,  when 
the  engorgement  exceeds  in  centrifugal  pressure  the  resistance 
of  a  given  area^  the  walls  of  the  latter,  including  the  gemmules, 
are  more  or  less  flattened  out.  Suggestive,  likewise,  is  the  fact 
that  all  the  gemmules  stand  out  boldly  in  both  preparations. 
As  many  as  thirty-six  or  forty-eight  hours  having  elapsed  be- 
fore death  ensued^  the  animals  were  evidently  submitted  to  a 
primary  period  of  intense  stimulation,  during  which  the  gem- 
mules were  overdistended  to  such  an  extent  as  to  cause  them 
to  lose  their  retractile  property.  Indeed,  the  sudden  cessation 
of  adrenal  functions  and  consequent  death  must  have  left  the 
cerebral  structures  much  as  if  the  animals  had  been  suddenly 
killed. 

Of  marked  interest  in  Fig.  3  is  the  presence  at  the  ex- 
tremity of  the  main,  or  apical,  dendrite  of  a  section  of  what 
appears  to  me  to  represent  a  fiber  or  capillary  from  which  the 
neuron  with  which  it  is  connected  might  have  derived  its  blood- 
supply.  The  fact  that  it  crosses  its  path  suggests  that  the  den- 
drite itself  may  be  a  branch  of  the  vessel.  Berkley  describes 
this  neuron  as  follows:  "Projection-cell  of  the  long  apical 
process  variety,  showing  numbers  of  large  swellings  of  the  pro- 
toplasm of  the  apical  dendrite,  thinning  of  the  protoplasm  of 
the  stems  in  the  interval  between  the  nodules,  and  considerable 
loss  of  the  gemmulac  along  the  margins.  The  lateral  branches 
liave  mainly  disappeared.  The  basal  processes  are  retained 
intact/^ 

The  nodules  seem  to  me  also  to  illustrate  the  process 
through  which  the  collateral  fibers  become  detached  from  the 
main  stem,  as  shown  by  the  denuded  cells  represented  by  Figs. 
4  and  5.  The  thinning  of  the  plasma  between  the  stems  would 
account  for  the  manner  in  which  the  lateral  branches  are  de- 
tached, viz.:  when  the  apical  dendrite  becomes  suflBciently 
engorged  the  plasma  ceases  to  circulate  in  one  or  more  of  the 
nodules,  and  the  intervening  protoplasm^  failing  to  be  nour- 
ished, disintegrates.  That  the  ba^al  processes  should  be  the 
last  to  yield  in  this  cell  (corresponding  in  this  with  the  condi- 
tion of  the  same  stems  in  Figs.  1  and  2)   seems  but  normal 
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when  we  conBider  their  proximity  not  only  to  the  cell-body^ 
which  contains  a  large  supply  of  fibrils^  but  also  to  the  axis- 
cylinder  {ax.  in  the  drawings)^  which  is  the  only  centrifugal 
channel  through  which  the  engorged  plasma  can  escape. 

A  feature  of  the  cells  shown  by  Figs.  1,  2,  and  3  which 
strikingly  links  them  to  the  adrenal  phenomena  brought  on  by 
toxics  in  the  general  organism  is  the  fact  that^  although  they 
are  derived  from  animals  in  which  the  doses  of  ricin  injected 
were  reduced  with  each  animal^  the  morbid  phenomena  as  ex- 
emplified by  each  cell  in  turn  are  correspondingly  intensified. 
In  other  words,  the  adult  rabbit  represented  by  Fig.  1  was  given 
Bubcutaneously  a  dose  of  0.5  milligramme,  and  death  occurred 
in  thirty-six  hours:  the  cell  only  shows  apical  lesions.  The 
second  adult  rabbit  was  given  the  half  of  the  previous  dose, 
i.e,,  0.250  milligramme,  and  death  occurred  in  forty-eight  hours: 
the  entire  apical  dendrite  and  two  of  the  collaterals  are  dis- 
tinctly involved.  The  third  adult  rabbit  was  given  the  half 
of  the  last  dose:  i.e.,  0.125  milligramme,  and  death  occurred 
in  seventy-two  hours;  the  apical  dendrite  is  markedly  studded 
with  thickenings,  and  all  but  two  of  its  collaterals  have  dis- 
appeared. It  is,  perhaps,  unnecessary  to  lay  stress  upon  the 
fact  that  this  is  due  to  the  prolongation  of  the  excessive  vascular 
tension:  i.e.,  of  the  time  during  which  central  vascular  con- 
traction caused  peripheral  capillary  engorgement.  And  this 
need  not  be  ascribed  only  to  ricin.  Berkley  emphasizes  this 
assertion  when  he  says:  *The  poison  ricin,  whose  action  is  in 
many  ways  similar  to  that  of  many  ioxalbumins  of  bacterial 
source,  is  capable  of  exerting  a  deep  and  extensive  degenerative 
influence  on  the  protoplasm  of  the  nerve-cells  of  the  brain.'* 
And  this  may  further  be  extended  to  other  toxics,  for  he  also 
says:  'Toisoning  with  alcohol  in  considerable  doses,  continued 
over  a  moderate  time,  will  produce  decided  and  ascertainable 
lesions  of  the  nutrient  structures  and  nervous  elements  of  the 
cerebrum,  ver}'  similar  in  character  to  the  pathological  lesions 
produced  by  other  more  virulent  poisons."  We  thus  have  evi- 
dence in  support  of  my  opinion  that  poisons  capable  of  causing 
congestion  of  the  cerebrospinal  and  other  nervo^us  tissues  do  so 
by  raising  the  blood-pressure  and  by  thus  driving  the  adren* 
oxidaseAaden  plasma  into  their  neuroglia  and  neurons.    That  the 
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altiTations  in  the  elements  of  the  nenioa  Bhoold  be  due  to  the 
same  centrifugal  pressure  that  prerails  in  the  capillaries  of  all 
]M*ri]>heral  structures  is  obvious.  Finally,  the  fact  that  phenomaia 
M  itncssiHl  occur  under  the  influence  of  congestive  poisons  affords 
the  (^)iiiplemental  evidence  in  favor  of  my  contention  that  a 
tiniron  is  directly  connected  with  the  ciradaiian  by  one  or  man 
uf  its  dendrites,  which  serve  as  channeh  for  blood^ptastna. 

Even  the  haemorrhages  brought  on  by  ezoeesive  pressure, 
cpista^is,  ha^matemcsis,  hsematuria,  etc^  aie  exemplified  in  the 
cnfTorged  neuron  shown  in  Figs.  6  and  7,  and  also  from  Berk* 
ley's  series.  The  observation  of  Apdthy's,  therefore^  that  his 
"cellulii>etal  neuro-fibrils  enter  by  way  of  the  dendrite,  ramify 
and  anastomose  freely  inside  the  cell-body,  and,  then  reuniting, 
take  their  exit  from  the  cell  by  way  of  the  axon,''  finds  its  appli- 
(at ion  if,  as  interpreted  by  myself,  his  neuro-fibrils  are  con- 
iddvrcd  as  bhod-phisffna  channels. 

Stilly  the  identity  of  the  fibrils  in  the  cell-body  as  blood- 
capillaries  has  so  far  only  been  suggested  by  the  fact  that  they 
are  continuous  with  the  plasma-containing  axi&<*ylinder  and 
iibrils.  While  this  constitutes  strong  evidence,  the  fact  that 
tliey  are  blood-channels  can  only  be  determined  by  ascertaining 
tiie  nature  of  the  process  in  which  the  plasma  takes  part.  This 
may  probably  be  done  by  inquiring  into  the  composition  of  a 
neuron's  ground-substance. 

The  Physiological  Chemistry  of  thb  Neubon. — ^What 
is  the  nature  of  the  groimd-substance :  i.e.,  that  between  the 
fibrils?  After  reviewing  this  subdivision  of  the  general  sub- 
ject Barker  says:  "A  neuron  is  made  up,  like  all  other  cells, 
of  nucleus  and  protoplasm.  In  the  latter  a  centrosome  and 
an  attraction-sphere  are  present;  at  least  it  has  been  dem- 
onstrated in  a  certain  number  of  nerve-cells.  The  protoplas- 
mic j)ortion  of  the  cell  can  be  roughly  divided  into  a  periph- 
eral exoplasmic  portion  and  a  central  endoplasmic  portion. 
In  neurons,  as  in  muscle-cells,  though  less  distinct  in  the 
former  than  in  the  latter,  there  is  a  tendency  tx)  a  fibrillary 
structure,  the  fibrillae  tending  to  occur  in  the  peripheral  ex- 
oplasmic portion  of  both  nerve-  and  muscle-  cells  rather  than 
in  the  endoplasmic  portion  of  the  protoplasm.     In  both  exo- 
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md  eudoplasm  there  can  be  mode  out  in  tiBsaes  which 
1  fixed  a  more  or  lest  homogeneous  ground-mAslance 
I  are  depoeited  lai^er  and  emaller  masaes  of  a  gren- 
l  nature.     The    grouDd-substance    comspoods    in   ttssnea 
i  with  alcf^ol  and  etained  bv  the  methods  of  XissI  and  Hdd 
3  'an&tainable  substance'  of  Nisei,  and  the  masses  of  gran* 
B  to  the  'stainable  substance'  of  Niesl  and  the  pigment 
"The  'etaiuable  EabstaDce*  of  Nisei  in  healthy  animals  of 
s  age  and  species,  with  the  same  method  of  fixing  and 
taining,  ii;  tolerably  constant  in  appearance  and  arrangement 
rt'll-bodieg  and  dendrites  of  the  same  group  of  neire- 
Koeiln:    a   f:ict  of  extreme  importance  for  nerre-anatomj  and 
I  pati)olo<;y.     The  axons  appear  to  be  entirely  devoid   of  the 
iatainable   Babstance'   of    Xissl.      Whether   the   stainable   suh- 
■tances  represent  bodies  precipitated  from  solution  through  the 
fW!ti<»i  of  reagents  or  bodies  pre-esistent,  though  inTieiblo,  first 
,  brought  into  view  through  the  action  of  fixing  or  staining  re- 
agents in  the  hanleued  tissues,  in  either  case  they  appear  to 
yield  the  chemical  tests  characlerisitc  of  the  group  of  nucleo- 
albumins.   'Whether  the  etaiuing  reaction  characteristic  of  the 
stainable  substance  depends  upon  chemical   relations  or  ap(Hi 
purely  physical  conditions  must,  for  the  present,  r^nain  un- 
decided. 

"The  'unstainable  portion'  of  the  cell-body, — ^Uiat  is,  the 
gronnd-eubstance, — though  probably  functioually  much  more 
important  than  the  stainable,  is  not  eo  veil  understood;  its 
nature  and  structure  are  still  as  obscure  as  those  of  protoplaem 
in  general."  Still,  the  link  with  features  previously  brought 
out  by  our  analysis  now  seems  within  reach. 

Held  has  maintained  that  the  stainable  NissI  bodies  repre- 
sent simply  eubstanccs  precipitated  from  solution  by  the  action 
of  fixing  niixturcs;  Fischer  was  led  to  the  same  conclutiion. 
Barker  says,  in  this  connection,  that  he  repeatedly  convinced 
himself  of  the  homogeneous  appearance  of  the  protoplasm  of  tlie 
nerve-cell  when  it  is  examined  immediately  after  tlie  removal 
from  the  living  hrnly.  That  tlie  ground -substance  is  homo- 
geneous, and  that  the  unstainable  portion  is  a  product  of  dis- 
sociation of  Rome  of  its  constituents,  are  therefore  probable. 
But  the  stainable  portion  we  have  seen  has  yielded  the  chemical 
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tests  "characteristic  of  the  group  of  nucleo-albumins.^  We  are 
not,  therefore,  dealing  with  the  group  of  nitrogenous  fats  to 
which  lecithin,  the  main  constituent  of  myelin,  belongs,  but 
with  what  probably  represents,  not  a  mere  artifact,  but  an  in- 
dividual constituent  which  is  precipitated  by  the  fixing  mixt- 
ures. It  is  important  to  determine,  therefore,  the  exact  na- 
ture of  the  Nissl  bodies,''  and  perhaps  by  a  process  of  exclusion 
ascertain  that  of  the  unstainable  substance. 

"Held,''  says  Professor  Barker,  "undertook  a  most  careful 
and  exact  chemical  study  of  the  granules  in  alcohol  tissues. 
Thus,  he  found  that  the  Nissl  bodies  are  insoluble  in  dilute 
and  concentrated  mineral  acids,  in  acetic  acid,  boiling  alcohol, 
cold  or  boiling  ether,  and  in  chloroform.  On  the  other  hand, 
they  are  easily  soluble  in  dilute  and  concentrated  alkalies. 
With  pepsin  and  hydrochloric-acid  digestion  he  found  that  the 
ground-mass  of  the  protoplasm  vanished  and  that  the  Nissl 
bodies  alone  remained  undigested :  the  reverse  of  what  occurred 
on  treatment  with  an  alkali.  The  Nissl  bodies  vielded  no  reac- 
tion  with  Millon's  or  Adamkiewicz's  reagent.  Held  obtained, 
however,  slightly  positive  results  with  Lilienfeld  and  Monti's 
microchemical  test  for  phosphorus,  and  a  considerable  quantity 
of  the  gray  matter  of  the  spinal  marrow  after  digestion  with 
pepsin  and  hydrochloric  acid  examined  by  Siegfried,  of  the 
physiological  laboratory  of  Leipzig,  showed  the  presence  of 
phosphorus.  Held  concludes,  however,  from  these  various  re^ 
actions,  that  the  Nissl  bodies  belong  to  the  group  of  the  nucleo- 
albumins:  a  view  which  agrees  with  the  investigations  of 
Halliburton,  who  found  in  the  gray  matter  a  nucleo-albumin 
which  coagulated  at  from  55°  to  60°  C.  and  which  contained 
as  much  as  (k5  per  cent,  of  phosphorus," 

The  large  proportion  of  phosphorus  further  sustains  the 
preponderating  role  that  the  oxygen  of  the  plasma  must  play 
in  the  neuron,  owing  to  the  activity  of  the  reaction  between 
these  two  elements.  It  also  indicates  a  close  relationship  be- 
tween the  neuron  and  all  other  cellular  structures  of  the  or- 
ganism. Thus,  referring  to  Held,  Barker  says:  "He  asserts 
that  in  numerous  experiments  with  his  method  (formol  freez- 
ing) he  has  found  in  the  most  different  organs  constituents  of 
the  cell-body  which  behave  not  only  tinctorially,  but  also  mor- 
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pihblogically,  exacUy  as  the  staindble  substance  in  nerve-cellB. 
He  deacribed  them  in  j|fiafi({-cell8,  {tver-cells^  in  cells  of  the 
panereaa,  in  the  cells  of  some  sarcomatous  tumors,  in  certain 
eannective'iissue  edls,  but  especially  in  normal  and  pathological 
Igmpk^lands.  Cajal^  also  asserts  that  the  stainable  substance 
of  Niflsl  is  not  specific  for  the  nerve-cells^  as  he  has  demon* 
rtrated  its  presence  in  certain  of  the  leucocytes  and  of  the  con- 
fudive'tissue  elements/*  Nissl's  bodies  appear  to  me^  therefore^ 
as  conatitntmg  an  organized  component  of  the  ground-sub- 
stance of  the  neuron^  a  nucleo-albumin  rich  in  phosphorus, 
which,  judging  from  its  similarity  to  a  large  number  of  cellular 
atmctores  elsewhere  in  the  organism,  represents  the  cell^truct' 
ure  itself,  precisely  as  is  the  hepatic  cell  when  free  from  glyco- 
gen, bile,  or  the  agencies  from  which  these  are  derived.  It  iA 
to  the  neuron  what  the  neurilemma,  Mauthner's  sheath,  etc., 
aie  to  the  intemodal  segment  of  a  nerve,  and  includes — as 
does  the  protoplasmic  membrane  of  Schwann — ^the  nucleolated 
nucleus. 

The  unstaiuable  portion  must  be  the  equivalent  of  myelin : 
the  white  substance  of  Schwann.  We  have  seen  that  this  is 
alao  nnstainable.  Even  picrocarmine  does  not  stain  it,  and 
Banvier  states  that  the  axis-cylinder  becomes  stained  at  the 
nodes  because  there  is  no  myelin  in  this  region  of  the  nerve. 
The  similarity  between  myelin  of  the  nerves  and  that  of  the 
cerebro-spinal  system  is  emphasized  by  Foster  when  he  says: 
"Obviously  the  fat  of  the  white  matter  of  the  central  nervous 
system  and  of  spinal  nerves  (of  which  fat  by  far  the  greater  part 
must  exist  in  the  medulla,  and  for  nearly  the  whole  of  the 
medulla)  is  a  very  complex  body  indeed,  especially  so  if  the 
cholesterin  exists  in  combination  with  the  lecithin,  or  cerebrin 
(or  protagon).  Being  so  complex,  it  is  naturally  very  unstable, 
and,  indeed,  in  its  stability  resembles  proteid  matter/*  This 
also  suggests,  however,  that  protagon,  a  nitrogenous  body  con- 
taining phosphorus  isolated  by  Liebreich  from  brain-substance, 
may  be  the  unstainable  substance  we  are  seeking.  HoppeSey- 
ler  and  Diakonoff,  having  found  it  to  be  composed  of  lecithin 
and  cerebrin,  the  direct  connection  with  the  former  is  not  re- 
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moved.  Protagoa  readily  breaks  up  into  its  oonstitaents. 
Howell  states  that,  '^while  protagon  seems  to  be  regarded  as 
the  principal  form  in  which  lecithin  occurs  in  the  brain,  simple 
lecithin  is  believed  to  be  present  in  the  nerves  and  other  or- 
gans/' and  he  refers  to  Noll/*  who  found  'the  quantity  of 
protagon  in  the  Bpinal  cord  may  amount  to  25  per  cent^  of 
the  dry  solids;  in  the  brain,  to  22  per  cent.;  and  in  the  sciatic 
nerve,  to  7.5  per  cent.''  That  it  is  difficult  to  analyse  this 
qiK'stion  is  suggested  by  his  closing  remark:  'fEl^iarding  the 
synthesis  of  lecithin  in  the  body,  or  the  physiological  im- 
portance of  the  substance,  nothing  is  known."  We  have  seen 
the  important  role  that  it  probably  plays  as  myelin;  its  pres- 
ence in  such  large  quantities,  as  a  constituent  of  protagon,  in 
tlic  cerebro-spinal  system  plainly  points  to  it  as  of  the  unstain^ 
able  ground-substance  of  the  neuron. 

What  is  the  role  of  cerebrin,  which,  vrith  lecithin,  forms 
protagon,  and  from  which  it  is  readily  separated  ?  In  a  study 
of  the  chemistry  of  nerve-degeneration  Halliburton  and  Mott** 
refer  to  the  fact  that  they  had  previously  shown  that  in  general 
])aralysis  of  Uie  insane  ''the  marked  degeneration  that  occurs 
in  the  brain  is  accompanied  by  the  passing  of  products  of  de- 
generation into  the  spinal  fluid.  Of  these,"  says  the  authors, 
"nucleo-proteid  and  cholin  are  those  which  can  be  most  readily 
detected.  Cholin  can  also  be  found  in  the  blood."  Having 
continued  this  work,  they  now  find  "that  this  is  not  peculiar 
to  the  disease  just  mentioned,  but  that  in  various  other  de- 
generative nen-ous  diseases  (combined  sclerosis,  disseminated 
sclerosis,  alcoholic  neuritis,  beriberi)  cholin  can  be  also  de- 
tected in  the  blood."  The  tests  that  they  employed  were 
mainly  two:  (1)  "tlie  obtaining  of  the  characteristic  octahedral 
crystals  of  the  platinum  double  salt  from  the  alcoholic  extract 
of  the  blood";  (2)  a  physiological  test — ^and  a  very  interesting 
one,  I  may  add,  if  the  functions  of  the  adrenal  system 
are  included  in  the  process,  namely:  "the  lowering  of  blood- 
pressure,"  which  the  authors  consider  as  "partly  cardiac  in 
origin  and  partly  due  to  dilation  of  peripheral  vessels,"  and 


^NoU:    ZelUchrift  fttr  physiol.  Chemle.  Bd.  xxyil,  S.  370,  1899. 
^HaHiburton  and  Mott:    Journal  of  Physiology,  Feb.  28,  1901. 
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'Vhich  a  saline  solution  of  the  residue  of  the  alcoholic  extract 
produces/'  This*  fall  "is  abolished/^  they  further  state,  "if  the 
animal  has  been  atropinized/^  I  may  incidentally  remark 
that  these  few  lines  embody  the  pathogenesis  of  most  neuroses 
attended  with  degeneration,  viewed  from  my  standpoint,  since 
we  have  here  the  phenomena  incident  upon  arrest  of  function, 
auto'intoxication,  and  toxic  suprarenal  insufficiency.  But  di- 
rectly bearing  upon  the  subject  in  point  is  the  evident  iden- 
tity of  cholin  as  a  product  of  degeneration.  It  "has  its  source 
in  lecithin  decomposition  and  putrefaction,"  says  Howell. 
But  it  is  likewise,  as  we  have  seen,  a  waste-product  of  normal 
nervous-tissue  metabolism,  being  eliminated  with  the  bile  in  a 
modified  form.  That  cerehrin  is  also  a  product  of  putrefaction 
and  of  physiological  metabolism  is  suggested  by  two  facts:  it 
is  found  in  pus-corpuscles  and  its  formula  and  that  of  cholin 
present  considerable  analogy.  Even  taking  as  standard  that 
famished  by  H.  Miiller,  which  has  given  rise  to  considerable 
controversy,  cerebrin  is  C17H33NO3,  while  cholin  is  C5H15NO2. 
Lecithin,  therefore,  becomes  the  functional  ground-substance  of 
the  cell-iody  of  the  neuron,  just  as  it  is  in  the  nerve.  Both  in 
the  neuron  and  its  continuation,  the  nerve,  therefore,  the  vascular 
fibrils  carry  blood-plasma,  which,  by  passing  through  their  walls, 
maintains  a  continuous  reaction,  of  which  the  phosphorus  of 
the  lecithin  and  the  oxygen  of  the  blood-plasma  are  main  re- 
agents and  chemical  energy  the  end-result.  The  relationship 
between  the  vascular  fibrils  and  the  ground-substance,  nucleus, 
etc.,  is  well  shown  in  the  engraving  on  page  558. 

But  lecithin,  though  a  useful  product  of  metabolism,  re- 
quires in  its  fonnation  the  aid  of  protoplasmic  function,  as 
does,  in  the  muscle,  the  elaboration  of  myosinogen.  In  the 
cell-body  this  is  probably  performed,  we  have  seen,  by  structures 
which  the  Nissl  bodies,  as  nucleoalbumins,  represent.  Indeed, 
in  a  study  of  the  action  of  fixatives  upon  protoplasm  Hardy 
found*''  that,  "when  a  soluble  colloid  is  fixed  by  the  action  of 
a  fixing  reagent,  it  acquires  a  comparatively  coarse  structure 
in  the  process,  which  differs  wholly  or  in  part  from  the  struct- 
ure of  the   soluble   colloid."     Again,   that  these   protoplasmic 


•'Hardy:     Journal  of  Physiology,  May  11,  1899. 
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Fin.  3,— SOHBU, 

The  motor  c«ll  Irom  the  ventral  horn  ol  Ibe  aplne 
vitb  all  lla  protoplumic  processe*  and  tbelr  dlTlilonii. 
pmceu  wltb  lu  dIvMODI.  sLae-abrlti  or  eollsteralii,  a 
tloai  (telodendrloDi,  or  motor  eud-plRtes)  In  the  muacle  reproMot  part* 
of  a  alDsle  cell  or  neuivn,  n',  Nuclmlut.  c,  CrtoplaBm  shonlDg  the  dark 
colored  Nlul  bodies  and  lighter  ground-aubatancc.  d.  Frotoplaamlc  pro«- 
csKo   (deodrltCB)    conUlnlUE   Nlaa]    bodlea.    (Barker.) 
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structures  are  supplied  by  a  vascular  net-work  similar  to  that 
of  other  cellular  structures  is  shown  by  the  observations  of 
Apdthy,  who  took  them  for  nerve-fibrils.  .Barker,  referriug 
to  this  feature/  of  his  investigations,  says :  "As  to  the  relations 
of  the  neuro-fibrils  to  sensory  surfaces,  on  the  one  hand,  and 
muscular  tissue,  on  the  other.  Apathy  makes  very  definite 
statements,  especially  in  the  last  chapter  of  his  article.  A 
neuro-fibril  entering  the  cytoplasm  of  an  epithelial  cell  of  a 
scDsory  surface  in  the  leech  breaks  up  (very  much  as  in  a 
ganglion-cell)  into  a  finer  reticulum  composed  of  the  elemeviary 
fibrils,  A  large  number  of  the  constituent  fibrils,  however, 
perhaps  the  majority,  leave  the  cell  in  order  to  take  part  in 
the  formation  of  a  complicated  interepiihelial  fihril-plexus," 
Neuron  and  nerve,  therefore,  appear  to  be  similar  to  otlier 
organs  as  functional  entities  and  to  be  subject  to  the  same  laws, 
including  the  circulation  through  them  of  adrenoxidase. 

This  explains  for  the  first  time  why  tetanotoxin  was  found 
in  the  nerves  .by  Bruschettini,  Marie  and  others  and  why,  in 
fact,  as  shown  by  Marie  and  Morax  (see  p.  1441),  tetanotoxin, 
injected  into  the  tissues,  enters  and  ascends  the  axis-cylinders 
of  nerves — an  observation  confirmed  by  Meyer  and  Ransom. 

The  role  of  the  blood-plasma  seems  so  clearly  defined  in  the 
foregoing  analysis  that  I  deem  it  permissible  to  conclude  tliat 
ail  parts  of  a  neuron — cell-body,  dendrites,  neuraxon  or  axis- 
cylinder — are  channels  for  adrenoxidase-laden  blood-plasma. 

Since  1  thus  pointed  out  in  1903,  that  the  adrenal  secretion, 
converted  into  adrenoxidase,  circulated  in  the  nerves  and  ner\'e- 
cells,  Lichwitz*^*  found  tliat  in  the  frog  "adrenalin  traveled 
from  the  lower  extremities  to  the  upper,  when  these  were  only 
connected  by  nerves,^^  thus  confirming  my  observation. 

Are  dendrites  provided,  as  are  the  cell-body  and  the  axis- 
cvlinder,  with  myelin?  We  have  seen  that,  as  stated  bv  Barker, 
"the  stainable  substance  of  Xissl  in  liealtKv  animals  of  the 
same  age  and  species,  with  the  same  method  of  fixing  and 
staining,  is  tolerably  constant  in  appearance  and  arrangement 
in  the  cell-bodies  and  dendrites  of  the  same  group  of  ners^e-cells." 
He  also  states  that  "the  axons  appear  to  be  entirely  devoid  of 
the  stainable  substance  of  Xissl";  but  Berkley,*^  referring  to 

«•  Uchwltx:    Arch.  f.  ezpcr.  Path.  «.  Pharm.,  March  9.  1908. 
«•  Berkley:    Johns  Hopkins  HospiUl  Reports.  toI.  yI.  p.  89,  1897. 
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till*  luTvo-filHT  tenuinals  which  are  extensions  of  the  &xon^ 
writes:  "The  retiettrches  of  Flechsig,  as  well  as  my  own^  have 
shown  that  these  iine  1)ranche8  are  furnished  with  a  thin  lager 
of  myelin  nearly  to  their  termination."  As  this  refers  to  intra- 
ct'rel)nil  ner\t»-fihers,  1  am  brought  to  conclude  that  the  entire 
venous  sffstem  iV  built  upon  the  same  ptan:  i.e.,  of  fibrib  con- 
tninintj  blood-phu^ma,  surrounded  by  a^  layer  of  myelin.  The 
mnin  const  it  uents  of  these  bodies,  the  oxygen  of  the  plasma  and 
the  itfiosphorus  of  the  myelin,  are  thus  brought  into  contact, 
and  nerrous  energy  ii  liberated. 

All  this  seems  to  me  confirmed  by  the  manner  in  which 
many,  now  paradoxical,  phenomena  are  accounted  for: — 

The  production  of  nenous  energy,  not  only  by  the  neuron, 
hut  also  hy  the  neural  myelin,  confirms  the  "avalanche"  theory 
o(  Pfiiiger,  which,  though  at  first  combated  by  Marey,  was 
sustained  i)y  the  latter  after  a  series  of  experiments.  Pfliiger 
held  that  nervous  excitation  increased  along  the  length  of 
motor  nerves:  a  view  which  strongly  sustains  my  conclusion. 
l^ichet  found  also  that  excitation  of  a  sensory  nerve  was  more 
intense  when  transmitted  from  the  periphery  than  when  ex- 
citation was  applied  to  a  part  of  the  nerve  nearer  to  its  center 
(Duval).  It  is  evident,  therefore,  that  an  accumulation  of 
energy  takes  place  in  sensory  as  well  as  in  motor  nerves. 

My  views  are  also  sustained  hy  the  evidence  afforded  by 
nerve-degeneration.  Quoting  Turck's  conceptior.  Professor 
Harker  refers  to  the  Wallerian  doctrine  as  follows:  "Convert- 
ing the  Wallerian  doctrine  into  terms  of  the  neuron  concept, 
the  following  law  may  he  laid  down:  When  it  has  suffered 
a  scdution  of  continuity,  severing  its  connection  with  the  cell- 
hody  and  dendrites  of  the  neuron  to  which  it  belongs,  the  axon, 
togeth(T  with  the  myelin  sheath  covering  it,  undergoes  in  the 
part  distal  to  the  lesion  acute  and  complete  degeneration.  This 
degen(»ration  includes,  not  only  the  main  axon,  but  also  its 
terminals,  together  Avith  the  collaterals  and  their  terminals 
connected  with  it.^^ 

If  the  gradual  increase  of  energ}-  along  the  nerve,  or 
"avalanche*'  just  referred  to,  is  considered  as  a  factor  of  the  func- 
tion and  the  sum-total  of  the  energA^  utilized  and  is  interpreted  as 
made  up  of  neuron  energy  plus  gradually  increased  nerve-energy. 
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tbe  fDlIowiiig  main  fads  oonnected  with  nerve-degeneration 
aeem  to  me  to  find  their  explanation: — 

Sectkm  of  a  motox^  nenre  will  caoBe  degeneration  of  the 
periphezal  fragment,  and  atrophy  of  the  muscles  supplied  by  it. 
I  have  emphaaiaed  the  functional  importance  of  a  continuous 
aaiqply  of  nervona  energy,  both  upon  the  vascular  and  cellular 
elements  of  any  organ. 

There  ia  no  degeneration  of  the  upper,  or  proximal,  frag- 
ment, however,  except  as  far  as  the  first  Banvier  node.  This 
has  been  ascribed  to  traumatism,  but  we  can  readily  imderstand 
now  that  section  through  an  intemodal  segment  destroys  the 
mechanism  of  that  segment,  the  supply  of  oxidizing  substance 
to  reach  the  myelin  through  the  fibrils  and  their 
Its  nutritional  or  '^passive^^  function  is  thus  ar- 
rested. 

That  the  nerve  and  even  its  neuron  require  some  of  their 
own  energy  to  permanently  sustain  their  own  life,  as  empha- 
aiaed by  Marinesco,^*  especially  when  long  stretches  of  nerve  are 
invcdved,  is  shown  by  the  fact  that  if  the  seat  of  its  ultimate 
diatribution  is  destroyed, — a  muscle,  for  instance, — or  if  it  is 
disconnected  frcmi  the  latter,  the  nerve  may,  as  sometimes 
occurs  after  amputations  and  peripheral  neuritis,  degenerate, 
and  the  process  extend  up  to  and  include  tbe  cornual  cell. 
That  this  does  not  always  occur  is  doubtless  due  to  the  fact 
that  the  subdivisions  of  a  nerve  all  contribute  to  the  main- 
tenance of  its  life,  and  that  the  chances  that  degeneration  of 
a  long  nerve  will  occur  are  proportionate  to  the  number  of 
branches  it  supplies  in  its  course. 

The  sensory  nerves  show  the  same  attributes,  but,  of 
course,  in  a  reversed  direction.  Section  of  the  posterior  root 
above  a  ganglion  is  followed  by  degeneration  of  the  dorsal 
stump,  which  may  include  the  extension  into  the  cord.  Am- 
putation sometimes  causes  not  only  atrophy  of  the  peripheral 
fibers,  but  also  of  the  ganglion-cells  and  their  prolongations 
in  the  columns.  ^The  living  muscle  seems  so  organized  that 
without  nervous  stimulation  it  can  no  more  live  than  can  the 
tropical  animal  without  warmth  or  the  rose  without  water,'' 


'^Mariiietco:    Neurol.  Centralbl.,  Bd.  xl,  1892. 
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says  Morel.  How  true  this  is  is  emphasiied  by  the  piecaation 
Nature  takes  to  nourish  the  nenre  thioni^oat  its  entire  length 
and  thus  to  insure  the  conyersicm  of  the  diemical  energy  oon- 
tnined  in  its  myelin  and  the  plasma  into  nerroos  energy. 

The  Minute  Circulation  of  thb  CKRXBRO-flPiNAL  Sub- 
stance.— Such  a  circulation  as  that  I  tnggest  by  thia  title  is 
not  thought  to  exist  Both  in  the  central  ganj^onic  and  in 
the  c^ortical  arterial  systems  the  arteries  are  now  believed  to 
be  ''terniinar*:  i.e.,  to  neither  supply  nor  receive  any  anas- 
tomotic branch.  They  penetrate  the  cerebral  substance  to 
terminate  there.  The  veins  are  similarly  disposed.  Deprived 
of  valves  and  muscular  tissue^  they  are  likewise  considered  as 
'* terminal"  in  the  sense  attributed  to  that  word  in  respect  to 
the  arteries:  a  normal  outcome  of  the  absence  of  connection 
with  tlie  latter  as  supposedly  indicated  by  the  impediment 
presented  to  the  injection  of  fluids  in  them.  And  yet^  how 
does  the  bloody  with  its  corpuscles^  find  its  way  from  the  ar- 
teries to  the  veins?  Does  it  filtrate  through  the  arterial  walla, 
find  its  way  tli rough  the  l)Tnph-spaces  to  the  venous  walls^ 
and  reach  the  sinuses?  Of  course^  we  have  elsewhere  in  the 
organism  both  the  effusion  of  plasma  and  the  emigration 
of  corpuscles  through  vascular  walls;  but  this  is  a  process  of 
a  different  kind,  and  for  which  the  blood-stream  only  plays 
the  part  of  purveyor;  it  represents  the  main  factor  of  a  repara- 
tive and  protective  function,  of  which,  indeed,  the  cerebro- 
spinal system  is  a  prominent  beneficiary  when  need  be.  There 
is  a  wide  margin,  however,  ])etween  this  process  and  the  mech- 
anism, of  circulation,  which  includes  channels  beginning  at  the 
heart  and  ending  in  this  organ,  and  having  for  its  purpose,  not 
only  to  carry  oxygen  to  all  parts  of  the  organism,  but  also  to 
rapidly  remove  blood  as  fast  as  its  oxygen-ratio  is  being  re- 
duced. "Terminal"  vessels  do  not  satisfy  this  sine  qua  non 
of  perfect  metabolism  in  the  cerebro-spinal  system,  notwith- 
standing the  presence  in  the  superficial  structures  of  more  or 
less  close  capillary  net-works.  Indeed,  the  very  presence  of 
these  capillaries  seems  to  me  to  point  to  these  deeper  "ter- 
minals" as  incongruities. 

The  marked  evidences  of  engorgement  so  typically  shown 
by  Berkley's  illustrations,  and  to  which  I  have  referred,  are 
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characterized  by  a  suggestive  feature:  i.e,,  they  occur,  as  far 
as  the  neuroglia  is  concerned,  in  the  elements  adjoining  the 
blood-vessels  or  connected  with  them.  Thus,  Berklev  writes: 
'^n  the  silver  slides  the  support  elements  proper,  so  far  as  the 
stain  shows,  present  no  variations  from  the  control,  but,  on  the 
other  hand,  the  vascular  neuroglia  gives  indication  that  altera- 
tions are  taking  place  within  its  structures,  and  show  consid- 
erable variations  from  control  preparations.  The  cell-bodies 
are  larger,  the  protoplasmic  extensions  are  thick  and  knotty, 
and  the  arms  extending  toward  neighboring  vessels  are  more 
prominent  than  in  the  normal."  As  "the  capillaries,  like  the 
intermediary  vessels,  are  tortuous  and  twisted," — evidences  of 
intense  engorgement,  further  emphasized  by  the  "closely 
packed"  white  blood-corpuscles  foimd  in  the  vascular  lumen, 
— it  seems  but  logical  that  the  engorged  capillary  and  the  en- 
gorged neuroglia-fibers  should  be  continuous;  otherwise  the 
latter  neuroglia  swelling  would  remain  unaccounted  for. 

Beferring  to  the  spinal  cord,  BerdaP**  states  that  "the 
moment  the  blood-vessels  penetrate  into  the  cord  they  become 
covered,  on  a  level  with  the  perimedullary  neuroglia  layer,  with 
a  coating  of  neuroglia,  which  follows  them  throughout  all  tlieir 
ramifications  and  accompanies  tliem  along  their  entire  course." 
Such  a  coating  over  cerebral  capillaries  would  readily  account 
for  the  engorgement  of  both  structures  to  which  we  have  just 
referred,  since  the  channel,  notwithstanding  the  alteration  in 
its  external  asj)ect  owing  to  the  assumption  of  an  extra  coat, 
would,  after  all,  he  continuous.  That  such  is  the  case  is  sus- 
tained by  the  fact  that  in  what  has  been  termed  "chronic 
ependvniitis" — <lou])tless  a  condition  in  which  the  laver  of  neu- 
roglia  becomes  permanently  engorged — a  marked  thickening  of 
the  tissue  occurs  (0.  Israel).  The  increase  of  l)lood  in  the 
neuroglia-fibers  which  this  morbid  condition  involves  not  only 
coincides  with  ihe  swell in^rs  observed  bv  Berklev  after  various 
forms  of  poisoning,  but  it  is  accounted  for  by  the  fact  tluit 
ependymal  ncTiroglia-cells  were  found  by  ^larchi  to  send  "a 
central  extension  which  penetrates  into  the  optic  thalamus, 
whero  it  subdivides  to  become  fixed  upon  the  walls  of  the  hlood^ 


"Berdal:    Loc.  cit.,  p.  193. 
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vessels"  (Berdal).  This  recalls  the  mtereBting  feature  in  Fig. 
3  of  the  plate  opposite  page  550.  In  the  projection-cell  repre- 
sented the  extremity  of  the  long  and  irregularly-swollen  apical 
process  is  also  connected  with  the  wall  of  what  must  be  a 
diminutive  blood-channel,  if  plasma  is  at  all  the  cause  of  the 
cellular  engorgement.  Again,  the  nenroglia-cell,  shown  below, 
copied  from  an  article  by  Andriezen,  to  which  I  will  presently 
refer,"  may  be  seen  to  be  directly  attached  to  a  vessel.  Indeed, 
we  have  Golgi's  own  testimony  to  the  effect  that  some  of  the 
protoplasmic  extensions  of  the  nerve-cell  are  attached  to  nea- 
roglia-fibera  and  to  blood-vessels. 


The  manner  in  which  the  neuroglia-cells  and  their  fibers 
are  connected  with  blood'vessels  suggests  that  they  are  essen- 
tially  different  structurally,  the  neuroglia-elementa  beinp,  not 
branches  or  subdivisions  of  the  vaeeular  system,  but  nervous 
■  structures  which,  at  a  given  time  during  ombn-olofjical  devel- 
opment, became  affixed  to  the  vascular  walls.  This  is  sustained 
by  the  fact  that  neuroglia  is,  like  all  nervous  elements,  of  epi- 
blastic  origin.  Again,  there  is  considerable  analogy  between 
nerve-  and  neuroglia-  fibers.    Foster  emphasizes  this  fact  when 

B  ADdHeun:    Brain,  WLDter,  18H. 
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he  says:  ''Since  the  nerve-filaments^  like  the  neuroglia-fibers^ 
are  very  fine,  and  take^  like  them^  an  irregular  course^  it  often 
becomes  very  difficult  in  a  section  to  determine  exactly  which 
is  neuroglia  and  which  are  nervous  elements/' 

What  is  the  role  of  the  neuroglia  and  how  is  it  functionally 
related  to  the  true  nervous  elements?  Suggestive,  in  this  con^ 
nection,  are  the  following  lines  of  Professor  FosterV:  "A 
medullated  nerve-fiber  of  the  white  matter  of  the  spinal  cord 
resembles  a  medullated  nerve-fiber  of  a  nerve  in  being  com- 
posed of  an  axis-cylinder  and  a  medulla;  but  it  possesses  no 
primitive  sheath  or  neurilemma.  This  is  absent,  and,  indeed, 
is  not  wanted;  the  tubular  sheath  of  neuroglia  affords,  in  the 
spinal  cord  (and,  as  we  shall  see,  in  the  central  nervous  system 
generally)^  the  support  which  in  nerves  is  afforded  by  the 
neurilemma."^^  This  shows  conclusively  that  for  a  certain  dis- 
tance, at  least,  the  neuroglia-sheath  and  the  myelin  act  as  coats 
for  the  one  axis-cylinder:  i.e,,  for  the  fibrils  containing  blood- 
plasma.  But  we  have  seen  that  myelin  is  not  the  passive  in- 
sulating substance  that  it  is  now  thought  to  be;  if  my  views 
are  sound,  it  represents  one  of  the  two  most  important  factors 
of  nerve-composition,  and,  indeed,  the  main  source  of  nervous 
energy.  In  modifying  the  accepted  view  concerning  its  func- 
tions, however,  I  have  eliminated  its  role  as  insulating  layer, 
leaving  notliing  but  the  neurilemma,  or  external,  tubular  in- 
vesting sheath,  for  the  protection  and  insulation  of  the  "batter}' 
elements,^'  as  it  were,  the  myelin  and  its  oxidizing  plasma.  It 
is,  therefore,  this  i)rotective  and  insulating  sheath  that  the  neu- 
roglia replaces  in  the  white  substance  of  the  cord  and  in  "the 
central  nervous  system  generally":  i.^.,  wherever  tlie  myelin 
and  its  inclosed  blood-plasma  are  present  in  the  cerebro-spinal 
axis. 

We  have  seen  that,  according  to  Barker,  and  as  shown  by 
the  researches  of  Flochsig  and  Berkley,  the  dendrites  of  neu- 
rons are  furnished  with  a  thin  lavor  of  mvelin  nearlv  to  their 
termination :  while  T  have  sho^\'n, — conclusively,  I  now  be- 
lieve— ^that  their  central  canal  cont^iins  bloodplasma.  We  have 
precisely,  therefore,  the  structure  of  a  nerve,  minus  its  neu- 


**  AU  italioi  are  my  own. 
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riloiiinin.  Inilocd,  the  similarity  even  extends  to  the  subdiyision 
of  the  dendritic  central  canal  into  fibrils,  for  Berdal  says,  re- 
ferring to  the  dendrites:  ^These  prolongaticms  seem  striated 
longitudinally  as  is  the  cell,  and  appear  to  be  composed  of 
fusiiclci*  of  fibrils  which  are  continuou3  with  those  of  the  cella- 
hir  l»ody.'*  A  single  structure  is  missing,  however,  that  which, 
wv  have  jupt  seen,  is  represented  by  the  neuroglia  in  cerebro- 
spinal ncnrous  elements:  ue.,  the  neurilemma.  Obviously,  the 
nhsoncc  of  a  protective  insulating  sheath  around  the  cell-body 
of  the  neuron  and  its  extensions,  considering  their  functional 
importance  as  generators  of  nervous  energy,  becomes  absolutely 
inoonipatible  with  existing  conditions,  since  the  myelin  would 
tluis  he  exposed  externally.  Indeed,  that  the  cell-body  and  its 
(hndrites  are  supplied  with  an  external  sheath  is  shown  by  the 
following  lines  of  Berkle\''8":  "Around  the  body  of  the  cell 
wo  find  an  insulating  mass  of  fluid  contained  in  the  pericellular 
lyinpli-sac,  and  as  a  capsule  to  the  sac  there  appears  a  slight 
condensation  of  the  tissue  at  this  point  that  would  take  the 
place  of  a  retaining  membrane.  This  membrane  apparently 
terminates  where  the  first  of  the  gemmulse  are  thrown  off  from 
the  ascending  portion  of  the  primordial  process,  and  likewise 
at  the  location  where  the  first  buds  appear  on  the  basal  den- 
drites. Doe?  the  insulating  fluid  and  covering  really  end  at 
tliis  point?  In  al)solute-alcohol  sections  of  the  cortex  of  the 
ccnhcllum  taken  parallel  with  the  surface  and  stained  with 
the  anilines,  ])articularly  the  blue-black,  it  is  qwUe  readily 
dcmondnihJc  that  the  thin  membrane,  which  is  now  undoubU 
cdlij  composed  of  fine  glia- filaments,  does  not  really  cease  at  this 
point,  but  becomes  attenuated,  and  continues  to  ascend  and 
rover  the  profoplasmic  prolongations  of  the  cell.'*  This  plainly 
shows  that  the  cell-bodij  of  the  neuron  and  its  dendrites  are  sup- 
plied with'  a  covering  which  is  to  them  what  the  neurilemma  is 
to  nerve-fibers;  this  covering  is  similar  to  that  investing  these 
nerve-fibers:  i.e.,  a  sheath  of  nevroglin. 

This  only  aflFords,  however,  information  concerning  the 
neuroglia  supplied  to  the  neuron  per  sr,  and  to  the  structures 
which  the  axons  become  a  short  distance  below  the  cell:    ue.. 


■*  Berkley:    Loo,  cU.,  pages  90  and  91. 
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Bnt  we  have  still  to  study  an  important  question :  i.e., 
tbe  ideniify  of  the  intennediary  fibrils  of  neuroglia — ^important 
in  the  lenBe  ihat  it  has  a  certain  bearing  upon  the  concordance 
between  the. older  views  of  Oerlach  and  the  modem  observa- 
tioDft  and  conclusions  of  Golgi.  Indeed,  if  the  entire  cerebro- 
Bfinal  axis  is  made  up  (as  far  as  true  nervous  elements  go)  of 
these  medullated  glia-covered  nerve-fibers  and  dendrites^  we 
maj  well  eondude  with  Gerlach  that  nerve-cells  are  united  by 
a^  intricate  net-work  of  extremely  delicate  nerve-fibrils.  If, 
on  the  other  hand,  the  cell-body,  its  dendrites,  and  its  axon 
are  alone  medullated  and  glia^  or  neurilemma-  covered,  the 
oonneetion  wUh  the  vascular  system  being  established  by  non- 
meiuOated  fibrils,  I  am  in  accord  with  Gk)lgi,  who  denies  the 
uriBfaynre  of  any  connection  through  nervous  structures  between 


That  Golgi's  view  prevails  is  suggested — ^provided  my  own 
view  that  fibrils  are  plasma-channels  is  accepted — by  the  fol* 
lowing  lines  by  Professor  Foster :  ^^he  larger  part  of  the  gray 
matter  consists,  besides  a  neuroglia  supporting  the  nervous 
ekments,  of  nerve-filaments  running  in  various  directions  and 
framing;  not  a  plexus  properly  so  called,  but  an  interlacement 
of  extreme  complexity/'  If  the  italicized  words  "nerve-fila- 
ments^ are  converted,  in  accordance  with  my  view,  into  neu- 
rogliarfibrUs,  the  rest  of  the  quotation  will  lead  us  to  the  solu- 
tion of  the  question:  'These  filaments  are,  on  the  one  hand, 
the  fine  medullated  fibers  spoken  of  above  as  being  recognized 
with  di£Sculiy,  and,  on  the  other  hand,  non-meduilated  filaments 
ranging  from  fairly  wide  and  conspicuous  naked  axis-cylinders 
down  to  fibrils  of  extreme  tenuity,  the  latter  arising  apparently 
either  from  the  division  of  axis-cylinders  and  nerve-fibers  pass- 
ing into  or  out  of  the  gray  matter  or  from  the  continued  branch- 
img  of  the  nerve-cells/* 

The  solution,  it  seems  to  me,  lies  in  the  fact  that  non- 
meduUated  fibrils  exist  at  all,  and  that  these  range  from  fairly 
wide  axis-cylinders  down  to  fibrils  of  extreme  tenuity,  some  of 
which,  at  leasts  appear  to  originate  from  dendrites.  Indeed, 
this  indicates  that  these  non-medullated  fibrils  (of  neuroglia, 
as  stated  by  Berkley)  represent  the  continuation  of  the  main, 
or  apical,  dendrite  (or  dendrites,  for  there  are  often  more  than 


nati).  Sintt  ibett  nemta^MSten  Mit  dqiFrincd  of  mrdm^  tfaer 
cmnmsi  Wftrt  m  mmrtJ»  fA  nerrcnif  eatrgf^  and  mefdj  icpie- 
teat,  ^eretan,  Ariitmie  rfiaitnrff  tbraa^  wiuA  blood-{disiu^ 
dyUioed  bj  &em  direetir  or  indiieedj  from  m  ao-eaDed  'ter- 
miiud^  CMfSBMij,  fijoidf  its  war  to  the  apical,  or  main,  dendrite. 
The  eoodimoa  vhidi  thif  imponw  lecms  to  me  adf-erident: 
A  nennm  i$  am  amUimomfm$  orgam  &$  a  umrce  of  nerrcms  energy, 
amd  i$  $upftied  wUk  Nood-platwta  ikromgk  wcm-^medmllated  %eu» 
roglia^fibrik,  wiiek  are  eomtimmam  with  ike  ertermal  eoperimg  of 
tie  apical  dendriUe. 

Are  Apatfa/'i  fibrik,  vhidiy  in  the  leech  and  earthworm^ 
vere  found  by  him  to  penetrate  the  odl-bodies  of  neurons,  the 
nemo^ia-fibrils  just  ttndied?  Gerlaeh,  Haller,  and  others  haTe 
alto  referred  to  the  existence  of  delicate  nerroos  net-works 
connected  with  the  cells.  The  mere  transformation  of  these 
fibrils  into  plasma-channels  has  enabled  me,  we  hare  jnst  seen, 
to  link  them  with  all  the  other  elements  of  the  function 
studied*  In  other  words,  I  simply  conTerted  the  fibrils  into 
neuroglia  blood-channels  and  foond  them  to  satisfy  the  require- 
ments of  the  latter.  Apathy  found  that  a  nenro-fibril  passed 
out  of  **tL  process  of  a  nenre-celP:  there  is  no  fibril  other  than 
the  nenroglia-fiber  that  is  continuous  with  the  apical  dendrite 
that  this  neuro-fibril  could  represent  The  neuro-fibril  was 
found  by  Apathy  to  be  composed  of  ^elementary  fibrils^:  we 
have  seen  that  this  is  precisely  the  arrangement  within  the 
neurogl isr fibers.  He  states  that  in  their  course  ''elementary 
fibrilla*  are  being  given  off  at  short  intervals,  until  finally  the 
neuro-fibril  itself  may  be  reduced  to  a  single  elementary  fibril" : 
I  have  quoted  the  statement  of  Professor  Foster's  that,  as 
regards  the  ''fibrils  of  extreme  tenuity,*' — those  we  found  to 
act  as  neuroglia  neurilemma, — they  arose  "apparently  from 
the  division  of  axis-cylinders/'  Finally,  the  neuro-fibrils,  after 
freely  anastomosing  in  the  cell-body  (having  entered  by  way 
of  the  dendrite),  are  stated  "to  take  their  exit  by  way  of  the 
axon/'  This  seems  to  me  to  indicate  clearly,  in  addition  to 
the  evidence  adduced  in  the  foregoing  pages,  that  Apdth^s 
neuro-fibrils  and  the  various  networks  thought  to  be  composed 
of  nerve-fibers  by  Oerlach,  Oolgi,  B.  Holler,  and  others  represent 
the  one  and  same  system  of  neurogliorfibrUs,  some  of  which 
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eofiftitfi  myelm  and  hhod-plasma  and  may,  therefore,  he  eon* 
sidered  as  nervee,  while  others  only  contain  plasma  and  are, 
Iksrefore,  blood-<hannels. 

Under  these  circmnstancefi^  are  the  aboveinentioned  in- 
TestigatorB  not  justified  in  considering  the  net-works  referred 
to  «8  nervous  structures?  They  would  be  justified  in  doing  so^ 
did  aU  the  neurogliarfibrils  contain  myelin;  but  it  is  the  aJh 
sence  ot  this  compound  in  the  fibrils  that  serve  as  channels  for 
plasma  between  blood-vessels  and  the  apical  dendrites  of  the 
neuron  which  seems  to  me  to  neutralize  their  view.  Were  there 
any  evidence  that  a  medullated  fiber  of  any  kind  connects  any 
portion  of  the  cell  with  another  structure  capable  of  converting 
ch^nical  energy  into  nervous  energy^  the  question  would  re- 
main an  open  one;  but  such  is  not  the  case;  the  absence  of 
myelin  in  the  neurogliarfibrils  connecting  the  neuron  with  the 
aonrce  of  its  blood-supply  seems  to  point  distinctly  to  the  need 
(rf  its  absolute  isolation^  not  only  to  avoid  the  promiscuous  dis- 
persion of  the  nervous  energy  it  is  able  to  produce^  but  also 
to  enable  it  to  store  this  energy  and  to  direct  it  in  the  physio- 
logical paths. 

He  presence  of  the  non-medullated  fibers  among  the 
cerebro-spinal  nervous  elements  becomes  evident  when  the 
structural  difference  between  the  gray  matter  and  the  white 
matter  is  interpreted  from  the  standpoint  of  my  view.  ''Owing 
to  the  relative  abundance  of  white  refractive  medulla/'  says 
Professor  Foster,  "the  white  matter  possesses  in  fresh  speci- 
mens a  characteristic  opaque  white  color;  hence  the  name.*' 
.  •  .  *ln  transverse  sections  of  the  cord  nearly  the  whole  of 
the  white  matter  appears,  under  the  microscope,  to  be  com- 
posed of  minute  circles,  the  transverse  sections  of  the  longi- 
tudinally-disposed fibers.''  .  .  .  "The  gray  matter,  from 
the  relative  scantiness  of  medulla,  has  no  such  opaque-whiteness, 
is  much  more  transiucent,  and,  in  fresh  specimens,  has  a  gray 
or  rather  pinJcish-greLy  color,  the  reddish  tint  being  due  to  the 
presence  partly  of  pigment  and  partly  of  blood,  for  the  blood- 
vessels  are  much  more  abundant  in  the  gray  matter  than  in 
the  white."  That  in  tlie  cerebral  cortex,  for  instance,  these 
vessels  should  represent  the  starting-point  of  the  neuroglia  non- 
medullary  fibrils  needs  hardly  to  be  emphasized.    They  are  now 
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termed  'Henniiial^''  but  their  appeannoe  as  Bach  is  readily 
accounted  for  by  the  fact  that  here^  as  in  the  oord,  they  are 
Baid  to  be  imbedded  in  neuroglia,  whereas^  in  reality,  the  latter, 
compoeedy  as  it  is,  of  a  mass  of  diminntiYe  fibrils,  is  directly 
affixed  to  the  vessel,  acting  precisely  as  would  a  multitude  of 
minute  subdivisions  of  the  vessel  itself.  Each  fibril  (in  which 
the  blood-stream  is  so  slender  that  it  only  appears  pinkish'' 
tiirough  its  translucent  covering)  is^  in  fact,  a  composite  coun- 
terpart of  the  ependymal  fibril  and  other  neuroglia  structures 
to  which  I  have  referred.  In  other  words>  each  neuroglia- 
fibril  is  affixed  to  the  watt  of  the  vessel  either  direcilg  or  through 
the  intermediary  of  a  neuroglia^ell,  and  therefrom  extends  to 
the  main,  or  apical,  dendrite,  or  dendrites,  of  some  neuron.  In 
addition,  however,  this  enables  me  to  conclude  that  a  neuron 
receives  its  nutrition  and  its  oxidizing  substance  directly  from 
the  general  circulation,  and  that  the  blood  which  enters  by  way 
of  the  apical  dendrites  is  distributed  to  the  free  dendrites  and 
to  the  celUbody. 

A  question  suggests  itself  in  this  connection,  however,  viz. : 
How  does  the  blood  in  the  collaterals  return  to  the  main  den- 
drite to  find  its  way  with  the  latter's  blood  into  the  cell-body? 
This  appears  to  me  to  find  its  explanation  in  the  following 
(already  quoted)  sentence,  in  which  Berkley  describes  the  cell- 
body  :  "Around  the  body  of  the  cell  we  find  an  insulating  mass 
of  ffuid  contained  in  the  pericellular  lymph-sac,  and  as  a  capsule 
to  the  sac  .there  appears  a  slight  condensation  of  the  tissue  at 
this  point,  that  would  take  tlie  place  of  a  retaining  membrane/' 
The  retaining  membrane  is  doul)tless  the  neuroglia  covering 
of  the  collateral,  as  it  is  of  the  entire  cell;  underneath,  there- 
fore, is  the  l}Tnph-8ac — ^which  I  consider  as  a  plasma-sac.  But 
we  have  seen  that  Flechsig  and  Berkley^s  researches  have  shown 
that  these  "fine  branches  are  furnished  with  a  thin  layer  of 
myelin  nearly  to  their  termination/'  That  this  myelin  must, 
as  elsewhere,  be  supported  by  the  neuroglia  covering  and  in 
contact  with  it  is  evident:  a  feature  which  relegates  the  plasma 
toward  the  center,  though  in  contact  with  the  myelin.  If  we 
now  recall  the  fact  that  fibrils  have  also  been  discerned  even 
in  these  delicate  collaterals,  it  becomes  a  question  whether  they 
serve  to  transmit  plasma,  centrifugally  or  centripetally.     As 
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BerUey^s  experiments  have  shown  that  Ihey  become  the  seat 
of  swellings  nnder  the  influence  of  poisons,  there  mnst  be  no 
escape  for  fluids  through  their  walls;  indeed,  gemmulaticm 
would  become  impossible  were  the  centrifugal  pressure  neces- 
sary counteracted  by  the  escape  of  the  plasma  into  lymph- 
spaces.  That  the  blood  returns  toward  the  cell-body  and 
through  some  of  the  central  fibrils  is  therefore  probable.  Un- 
der these  c(mditi(ms  I  can  submit,  as  a  working  proposition, 
that  the  plasma  which  enters  the  collaterals  is  returned  to  the 
apical  dendrite,  and  to  the  cell-body  with  the  hlood  of  the  latter. 
The  blood  of  the  cell-body  then  passes  out  through  the  axon. 

How  does  the  blood  leave  the  axon  of  the  neuron  in  the 
substance  of  the  brain  and  cord?  This  question  plainly  re- 
solves itself  into  the  following:  How  does  the  blood  reach  the 
veins  from  the  axon?  '*The  perivascular  lymphatics  .  .  . 
are  especially  found  in  connection  with  the  vessels  of  the  brain*' 
says  Gray*^*;  "these  vessels  are  inclosed  in  a  sheath  which  acts 
as  a  lymphatic  channel,  through  which  the  lymph  is  carried  to 
the  subarachnoid  and  subdural  spaces,  from  which  it  is  returned 
to  the  general  circulation/'  This  familiar  fact  would  be  un- 
explainable  after  the  views  I  have  advanced  concerning  the 
circulation  of  arterial  blood  were  the  return  of  blood  to  the 
veins  not  the  purpose  of  the  lymphatic  sheaths,  for  the  same 
authority  states  that  lymphatic  vessels  *Tiave  not  at  present 
[1901]  been  demonstrated  in  the  dura  mater  or  the  substance 
of  the  brain/'  Again,  when  we  consider  that  perineural,  as 
well  as  perivascular,  spaces  exist,  we  are  brought  to  realize  that 
by  linking  the  axon  of  a  neuron  to  a  venule,  with  a  Ijrmphatic 
space  as  intermediary,  we  have  the  elements  of  a  mechanism 
which  not  only  utilizes  structures  that  are  known  to  be  present 
in  the  cerebro-spinal  axis,  but  which  also  satisfy  the  needs  of 
the  function.  Finally,  if  an  axon  is  itself  buried  (up  to  the 
neck  of  its  bulbous  terminals)  in  a  perineural  sheath,  which  in 
turn  communicates  with  a  vein  through  stomata,  as  is  the  case 
in  nerves,  the  blood  of  the  axon  is  provided  with  a  clear  path 
to  the  general  blood-stream. 

That  the  blood  of  the  neuron  is  eliminated  as  it  is  in  other 


•♦Gray:     Loc,  cit. 
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nervouB  Bfroctures^-ina  the  uoo— is  erident;  but  do  lymph- 
spaces  oonnected  with  veins  actually  reoei?e  this  blood?  Be* 
ferring  to  the  effects  of  acute  alcoholic  poisoning  npoQ  the 
veinsy  Berkley  says :  '^Changes  in  the  ooais  of  these  vessels  are 
similar  to  those  in  the  arterial  system,  bat  aggr^ati<ms  of 
dying  pohnnclear  corpuscles  are  more  freqaent,  and  are  by  far 
the  meet  striking  feature  both  of  their  contents  and  sorroond- 
ings.  These  aggregations,  which  may  vary  fnmi  three  or  four 
to  a  dozen  or  more,  are  located  both  within  and  without  the 
lumen  of  the  vessel  (especially  the  smaller  ones).  Within  the 
lumen  are  collections  of  white  corpuscles  filling  the  interior, 
and  numbers  are  seen  penetrating  the  walls.  So  vast  are  the 
collections  in  the  perivenous  spaces  that  the  whole  cavity  is 
occasionally  filled,  and  backward  pressure  from  the  plugs  and 
compression  of  the  vessel  from  the  outside  have  attained  such 
a  height  that  in  a  number  of  instances  the  vessel's  walls  have 
ruptured  and  red  corpuscles  are  intermingled  with  the  white 
and  fill  the  space  completely/*  These  features  are  well  illus- 
trated in  the  annexed  photographs.  The  center  of  Fig.  8  shows 
*'polynuclear  leucocytes  in  the  perivascular  space  of  a  small 
intermediary  vessel  compressing  its  walls,*'  while  Kg.  9  shows 
^'leucocytes  in  the  blood  in  a  cross-section  of  a  large  vein.**  The 
fact  that  the  leucocytes  are  found  in  the  ''perivenous  spaces" 
and  'Vithin  the  lumen  of  the  vessel,"  coupled  with  the  ob- 
serv^ation  that  they  are  "seen  penetraiing  the  walls,"  so  clearly 
point  to  the  process  involved  that  the  following  conclusion 
imposes  itself:  The  blood  (we  have  seen  that  even  red  corpus- 
cles are  present)  of  the  axon  evidently  finds  its  way  into  a  lymph- 
space  connected  with  a  vein,  thence  to  the  general  circulation. 

Still,  tliere  is  a  feature  of  the  whole  process  which  requires 
elucidation.  Why  should  the  veins,  which,  of  course,  com- 
municate with  channels  through  which  the  blood  can  be  freely 
evacuated,  become  engorged  under  the  influence  of  the  adrenal 
stimulation  induced  by  alcohol?  Engorgement  of  the  arteries, 
their  capillaries,  the  neuroglia  channels,  and  the  dendrites  is 
a  normal  consequence  of  adrenal  stimulation;  but,  the  veins 
being  outlets,  such  is  not  the  case  with  the  venous  engorge- 
ment. This  anomaly  is  accounted  for  by  the  now  generally 
admitted  fact  that  the  vessels  of  the  cerebral  substance  per  se 
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are  not  supplied  with  Ya8(»notor  nerves,  ^^aseular  nerves  may 
be  found  without  trouble  or  difficulty  in  muscles^  glands^  etc.> 
by  the  silver  and  other  stains^*'  writes  Berkley,  'T)ut  in  the  sub- 
stance of  the  eneephalon  they  are  never  to  be  seen  with  similar 
staining  methods;  hence  it  is  fairly  reasonable  to  suppose  that 
they  are  not  present  in  this  location  and  that  some  other  con- 
trolling mechanism  takes  their  place.  I  have  most  carefully 
looked  for  them  in  many  brains,  both  human  and  of  the  lower 
animals,  but  have  never  seen  the  slightest  trace  of  their  pres- 
ence within  the  nervous  structures.  .  .  .  Tuke  and  An- 
driezen,  who  made  researches  in  the  same  field,  have  also  failed 
to  find  them.''  As  I  will  have  occasion  to  show,  this  is  an 
extremely  important  factor  in  the  pathology  of  all  toxaemias, 
mental  and  nervous  diseases,  for  it  indicates  that  any  marked 
rise  of  blood-pressure  due  to  toxics,  drugs,  etc.,  causes  vascular 
engorgement  of  the  vascular  channels  of  the  brain^substance 
simultaneously  with  the  engorgement  of  the  peripheral  capU- 
lories  of  the  other  parts  of  the  organism. 

Under  these  conditions  contraction  of  the  central  vascular 
trunks  through  excessive  adrenal  activity  causes  not  only  con- 
gestion of  the  surface,  but  also  of  the  brain.  Strikingly  con- 
firmatory of  this  fact  are  the  following  statements  of  Professor 
Foster's :  "It  is  argued  that,  in  the  absence  of  vasomotor  nerves 
of  their  own,  the  cerebral  vessels  are  wholly,  so  to  speak,  in 
the  hands  of  the  general  motor  system ;  so  that  when  the  blood- 
pressure  is  high,  owing  to  a  large  vasoconstriction  in  the  ab- 
dominal viscera,  more  blood  must  necessarily  pass  to  the  brain, 
and  when,  again,  the  pressure  falls,  through  the  opening  of  the 
splanchnic  flood-gates,  less  blood  necessarily  flows  along  the 
cerebral  vessels."  .  .  .  "Again  it  has  been  observed  that 
certain  drugs  have  an  oflFect  on  the  volume  of  the  brain  quite 
incommensurate  with  their  effect  on  the  vasomotor  svstera.'' 

If  this  t^i'stimony  is  sound  and  the  interpretation  of  the 
data  available  is  exact, — ^my  conception  of  the  neuron's  inherent 
functions  coincides  with  some  of  the  main  conclusions  reache<l 
by  Deiters,  Gerlaeh,  Golgi,  Forel,  and  Cajal.  In  outlining 
their  conclusions,  however,  I  will  only  refer  to  those  which  are 
directly  connected  with  my  views,  as  a  general  review  would  take 
up  too  much  space. 
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Deitere  (1855)  affirmed  the  prevailing  theory — ^andemon- 
Btrated  at  the  time — that  the  nerve-cell  was  supplied  with  two 
kinds  of  processes^  the  protoplasmic  and  the  nervous^  the  latter 
constituting  the  nerve-fiber.  Gerlach  confirmed  the  views  of 
Deiters,  and  showed  that  the  protoplasmic  processes  subdivided 
into  a  fine  reticulum^  which^  he  thought,  anastomosed  with  that 
of  other  cells.  Golgi  then  demonstrated  that^  besides  the  two 
kinds  of  processes  described  by  Deiters,  there  were  given  oft 
collateral  processes  which,  with  the  nerve-process,  or  axis- 
cylinder,  constituted  the  only  truly  nervous  structures  of  the 
cell,  the  other  processes  and  the  cell-body  being  purely  nntri- 
tional.  The  subdivisions  of  the  protoplasmic  processes  or  anas- 
tomoses were  not,  in  his  opinion,  continuations  of  those  of 
other  nerve-cells,  either  by  continuity  or  through  nervous  net- 
works, though  some  of  the  protoplasmic  extensions  were 
connected  with  neuroglia-fibers  and  blood-vessels.  Forel  con- 
tended that  the  entire  cell  aixd  its  processes  were  simulta- 
neously functional  and  nutritional.  Kam6n  y  Cajal  concluded 
that  net- works  of  nervous  fibrils  did  not  unite  the  collateral 
processes,  and,  these  being  absolutely  fr5e,  there  could  be  no 
continuity  of  nervous  substance  between  them,  contiguity  of 
their  extremities  alone  prevailing. 

I  need  hardly  emphasize  the  fact  that  Golgi's  views  are 
strikingly  confinned  by  my  own;  indeed,  had  this  great  his- 
tologist  converted  the  neuroglia-fibrils  connected  with  blood- 
vessels into  blood-channels,  our  interpretations  would  have 
been  similar,  though  reached  from  entirely  different  directions. 
And  I  must  admit  that  I  consider  this  striking  similarity, 
apart  from  the  single  line  of  research  to  which  I  have  devoted 
all  these  pages, — i.e.,  the  histological  cliennstry  of  the,  circu- 
lation of  the  nervous  system  and  the  manner  in  which  nervous 
energy  is  produced, — as  a  strong  indorsement  of  my  own  con- 
ceptions. While  Forel  is  fully  sustained  by  my  analysis  when 
he  asserts  that  all  the  parts  of  the  neuron  are  simultaneously 
functional  and  nutritional,  Golgi  is  likewise  fully  sustained 
when  he  considers  the  collaterals  and  the  axon  as  the  truly 
ner\ou8  stnictures,  the  others  being  nutritional.  We  have  seen 
that  the  dendrites  connected  with  the  neurogliafibrils  are 
really  blood-channels.     True,  they  are  covered  with  gemmules 
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and  lined  with  myelin,  a  feature  which  shows  that  they  serve 
for  the  formation  of  nervous  energy;  yet  this  energy  is  not 
utilized  in  these  dendrites,  but  by  the  collaterals,  in  addition 
to  that  elaborated  by  their  own  myelin.  Nor  is  the  greater  part 
of  the  blood  which  courses  through  the  main  dendrites  used 
by  them;  it  passes  into  the  cell-body:  a  great  center  for  the 
production,  we  have  seen,  of  nervous  energy,  which  energy  is 
mainly  utilized,  not  by  the  cell-body  per  se,  but  by  the  dendrites 
^nd  the  axon  through  which  the  whole  neurones  blood  is  con- 
tinuously passing. 

Golgi^s  observation  that  some  of  the  protoplasmic  proc- 
esses were  connected  with  neuroglia-fibers  and  bloodvessels 
furnishes  histological  proof  that  my  interpretation  of  the 
manner  in  which  the  neuron  is  connected  with  the  circulation 
is  based  on  solid  premises.  The  prevailing  ideas,  however,  as 
to  the  nature  of  neuroglia  normally  suggested  that  his  views 
included  a  nervous  net-work  as  intermediary  between  cells, 
neuroglia-cells  being  likewise  considered  as  truly  nervous 
structures.  Hence  the  affirmation  of  Cajal  that  collaterals 
were  totally  independent  of  one  another,  especially  if  he  gave 
neuroglia-fibers  and  cells  the  credit  of  only  being  what  they 
are  now  generally  thought  to  be:  i.e.,  a  "peculiar  ground- 
substance,'^  in  which  the  'Hjlood-vessels,  the  nerve-cells,  and 
nerve-fibers"  are  '"imbedded.'^  The  neuron  is  autonomous 
functionally :  i,c.,  as  a  nervous  organ,  each  neuron  is  connected 
with  the  circulation  hy  its  own  neuroglia  hlood'channels.  An 
illustration  of  the  continuity  of  neuroglia-fibers  with  the  cere- 
bral circulation  is  afforded  by  Berkley's  experiments  with  alco- 
hol. "Besides  the  swellings  in  the  course  of  the  dendrons," 
says  this  author,  "we  must  always  be  on  the  watch  to  exclude 
certain  ])rocesses  of  the  support  ncuro<^lia-cells  that  traverse 
long  distances  of  tlie  cortex  and  exhibit  a  pearl-string  swelling 
in  the  course  of  the  fiber." 

Are  nerve-cells  contiguous,  as  thought  by  Cajal?  Berkley 
states  tliat  the  <rreat  Spanish  investigator  writes  "that  the 
ascendin^^  fibers  of  the  cortex,  which  have  a  vertical  or  oblique 
course  throu^^di  the  medullary  layers,  have  their  points  of  con- 
tact with  the  protoplasm  of  the  dendritic  structures  in  the 
intervals   between    the   sliort   transverse   processes    (gemmulie) 
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arooDd  whioh  the  ascending  fibers  twine."  In  other  wofds, 
the  tip£,  or  extremities,  of  the  ax<m  of  one  nearon,  instead 
of  being  in  contact  with  the  tip  of  the  gemmnl^  tooch  the 
intervals  between  geninmles.  ^Such  a  discharge  of  the  nexre- 
forces  from  cell  to  cell  taking  place  at  hundreds  of  indefinite 
points,^  continues  Berkley,  ^conld  not  fail  to  produce  stimuli 
that  would  be  more  often  aberrant  than  direct,  and,  in  all 
likelihood,  such  an  arrangement  would  produce  the  utmost 
confusion  of  thought  and  motion,  a  Teritable  inco-ordination 
of  the  cerebral  functicms,  which  would  reduce  direct  cerebra- 
tion to  a  nullity.*'  This  point  eeems  to  me  to  be  well  taken, 
and  the  identical  argument  prevails  as  regards  contiguity,  for 
if ^  as  I  believe,  myelin  and  the  oxidizing  substance  are  con- 
stantly in  contact  in  the  neuron, — ue,,  the  cell-body,  dendrites, 
and  axon, — ^nervous  energy  is  continuously  being  formed,  and 
promiscuous  contact  with  the  dendrites  of  other  cells  would 
give  rise  to  the  untoward  effects  enumerated.  In  the  light  of 
my  viewB,  therefore,  continuous  contiguiiy  between  neurons 
through  their  dendrites  or  axons  does  not  appear  possible. 

How  do  neurons  transfer  their  nervous  energy  to  other 
neurons?  Berkley  states  that  it  is  "more  than  probable  that 
it  is  only  at  the  free  bulbous  terminations  of  the  nerve-filaments 
[axons]  that  we  have  naked  protoplasm,  and  from  this  uncov- 
ered nervous  substance  the  d}Tiamic  forces,  generated  in  the 
corpora  of  the  nerve-cells,  are  discharged,  through  contiguity, 
on  to  the  protoplafimic  substance  of  other  cells.  Thus,  in  con- 
tradistinction to  the  hypothesis  of  Cajal,"  continues  the  author, 
"we  have  only  comparatively  few  points  at  which  the  nervous 
forces  may  discbarge  themselves  from  axons  to  the  protoplasm 
of  other  cells,  and  these  are  seated  at  definite  points  on  the 
terminal  arborizations  of  the  nerve-filaments,  for  otherwise 
what  would  be  the  necessity  of  a  terminal  apparatus  were  the 
nerve-conductors  free  to  discharge  their  dynamic  forces  at  any 
point  at  which  they  came  in  contact  with  the  substance  of  a 
dendron  ?*' 

It  seems  to  me  that  the  feature  to  ascertain  in  this  con- 
nection is  the  character  of  the  functions  of  the  gemmules.  Why 
do  these  little  projections  of  the  dendritic  walls  become  erect 
during  the  cerebral  congestion  induced  by  poisons?     Are  they 
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really  intended  to  receive  discharges  of  nervous  energy  from 
the  btdbous  tips  of  axons?  They  outnumber  the  axonal  end- 
organs  out  of  all  proportion.  Indeed^  their  multiplicity  around 
all  the  stems  excepting  the  axon  hardly  points  to  them  as  ter« 
minals  endowed  with  such  important  functions  as  those  at- 
tributed to  them.  Again,  Berkley  states  that  "the  twigs  of 
the  dendrites  and  the  fibers  touch  each  other  frequently  and 
in  a  manner  that  appears  to  be  perfectly  indifferent  for  the 
different  kinds  of  nervous  substance,  receptive  and  projective/' 
Such  promiscuousness  plainly  testifies,  it  seems  to  me,  against 
the  identity  of  the  substances  in  contact  being  exposed  sur- 
faces capable  of  transmitting  to  each  other  a  stream  of  nervous 
impulses. 

In  the  light  of  my  views,  however,  a  function  perfectly  in 
keeping  with  the  experiments  of  Goddard  in  puppies,  of  Demoor 
with  morphine,  of  Berkley  with  alcohol,  ricin,  serum,  etc.,  sug- 
gests itself.  We  have  seen  that  during  functional  activity  the 
gemmules  project,  while  during  inactivity  they  recede.  If  we 
now  connect  these  facts  with  the  presence  in  the  gemmules  of 
a  thin  layer  of  myelin  immediately  under  their  external  or 
limiting  covering,  and  concede  that  the  latter  and  the  myelin 
take  part  in  the  formation  of  each  gemmule,  it  will  become 
evident  that  during  the  erethic  state  the  surface  of  myelin  ex- 
posed to  the  action  of  the  oxidizing  substance  of  the  plasma 
will  be  greatly  increased  and  the  proportion  of  nervous  energy 
produced  corrcppoiidingly  augnientod.  Eetraotion  of  the  gem- 
mules, on  the  other  hand,  by  emptying  them  of  their  plasma, 
will  normally  cause  diminution  of  energA'-production,  the  mye- 
lin of  the  main  channel  sufficing  to  sustiiin  nutritional  functions 
during  sleep,  for  instance,  when  the  genmiules  are  retracted. 
We  have  what  seems  to  me  a  counterpart  of  these  minute  struct- 
ures in  the  muscle-cell,  the  myosinogen  of  the  latter  being 
replaced  by  the  myelin.  We  have  also,  in  the  processes  out- 
lined, an  active  and  a  passive  functional  stage  in  keeping  with 
other  organs.  All  this  so  thoroutrhly  coincides  witli  the  various 
attributes  whieli  the  frenimules  have  been  shown  bv  various  in- 
vestigators  to  possess,  tliat  T  feel  warranted  in  concluding  that 
the  gommules  nre  pari ph mil  e.r tensions  of  the  dendritic  irnJls 
having  for  their  purpose  to  increase,  when  erect,  the  area  of 


578      THB  P08TBRI0R  PITUITARY  AND  THE  NERVOUS  8T8TB1L 

myelin  exposed  to  the  action  of  the  oxidizing  substance  of  the 
plasma,  and  thus  to  render  the  dendrite  functionally  active:  Le., 
able  to  transmit  or  receive  nervous  impulses.  When  the  gem- 
mules  are  retracted  or  collapsed,  therefore,  functional  activity  is 
in  abeyance,  as  during  sleep,  ancesthesia,  etc.:  Le.,  they  are  unable 
to  transmit  or  receive  impulses. 

This  tends  to  show  that  none  of  the  gemmnles  senre  per 
se  to  transmit  impulses^  and  that  the  dendritic  tips  must  alone 
be  endowed  with  this  function.  That  such  is  the  case  seems  to 
me  suggested  by  Fig.  2  on  the  plate  opposite  page  550^  which 
exemplifies  the  condition  of  a  dendron  before  the  engorgement 
induced  by  ricin  has  become  far  advanced :  i.e.,  at  a  time  when 
the  dendron's  lumen  has  not  as  yet  become  completely  blocked. 
The  two  central  dendrites  may  be  seen  to  terminate  with  bulb* 
ous  tips,  while  the  remaining  gemmules  immediately  adjoining 
the  latter  are  not  apparently  enlarged.  This  would  point  to 
the  enlarged  extremity  as  a  dissimilar  structure  in  respect  to 
the  gemmules^  a  terminal  organ  as  it  were.  Again,  the  gem- 
mules  and  terminal  organ  would  have  pres^ted  a  certain  de- 
gree of  resemblance  under  the  influence  of  the  engorgement 
under  the  action  of  poisons,  had  they  been  similar;  their  ap- 
pearance, on  the  contrary,  suggests  dissimilarity.  Berkley 
states  that,  ''so  far  as  the  end-apparatus  of  the  collaterals  from 
the  psychical  cells  is  concerned,  the  terminations  of  the  inter 
mediary  cells,  the  fibers  entering  from  the  meduUated  masses, 
all  have  the  same  end-apparatus,  which  consists  solely  of  a 
simple  freely  terminating  bulbous  ending,  situated  up<Hi  the 
extremity  of  the  finest  branches  of  the  nerve-fibers.'*  As  he 
then  refers  to  figures  in  one  of  his  illustrations  which  represent 
axons  supplied  with  bulbar  extremities,  I  infer  that  it  is  to 
the  dendritic  terminals  that  he  alludes,  and  not  to  those  of 
the  gemmules,  as  a  brolad  application  of  his  preceding  parar 
graphs  might  suggest.  If  the  bulbous  terminals  of  the  entire 
dendrite  as  well  as  the  axon  are  referred  to,  the  quoted  lines 
afford  additional  evidence  tending  to  show  that  the  dendritic 
extremities  alone  transmit  or  receive  impulses.  Indeed,  in 
the  article  in  which  chronic  alcoholic  poiRoning  is  studied, 
Berkley  remarks:  'The  process  of  tumefaction  always  appears 
to  begin  at  or  near  the  fine  extremity  of  the  dendron^  be  it  the 
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extremity  of  the  main  apical  process  or  one  of  its  collateral 
branches,  and  not  infrequently  the  extreme  termituition  of  the 
dendron,  is  seen  to  be  somewhat  swollen  when  no  other  portion 
of  the  cell  is  involved/'^^  He  also  states  tliat  ^^in  his  description 
of  the  mode  of  ending  of  the  collaterals  of  the  great  pyramidal 
cellfl'*  Cajal  ''describes  their  finest  branches  as  terminating 
freely  by  a  nodosity."  All  these  facts  seem  to  me  to  warrant 
the  conclusion  that  each  of  the  collaieral  dendrites  of  a  iu:uron 
and  each  axon,  or  siibdivision  of  the  latter,  is  supplied  with  a 
bulbous  end-organ. 

How  is  an  axonal  end-organ  of  one  neuron  functionally 
related  to  that  of  a  dendrite  of  another  neuron?  Berkley, 
alluding  to  the  subdivisions  of  the  axon^  each  of  which  is  sup- 
plied with  its  bulbous  cndorgan,  says:  "These  spherical  ap- 
paratuses are  closely  adjusted  against  the  bulbous  ti{)s  of  the 
gemmuleSy  at  times  the  approximation  being  so  close  that  tlie 
impression  is  given  of  actual  contact,  though  it  should  be  re- 
membered that  the  slightest  overlapping  will  produce  the  same 
effect;  and,  on  the  whole,  it  is  more  probable  that  there  is  no 
actual  contact,  but  that  the  axonal  dischartjes  of  the  stinmli 
overleap  the  infinitesimal  distance  between  bulb  and  gem- 
mule/*  For  the  reasons  adduced,*  1  do  not  think  that  the 
gemmules  serve  for  the  reception  of  impulses.  Tlicse  reasons 
also  suggest  that  each  axonal  end-or«j:an  can  only  discharge  its 
stream  of  impulses  into  the  bulbous  terminal  of  a  neighboring 
dendrite,  which  bulbous  terminal  would,  under  these  circum- 
stances, present  some  analogy  with  the  end-bulb  of  Krause, 
and,  indeed,  with  several  peripheral  sensory  organs.  1  have 
also  submitted  reasons  that  sccni  to  nie  to  offset  the  assertion 
that  the  end-organs  actually  touch.  Indi'cd,  that  an  **inlin- 
itesimal  distance"  between  the  efferent  axonal  end-organ  and 
the  efferent  dendritic  end-organ  exists  seems  to  be  the  only  con- 
clusion warranted  by  the  liistological  picture,  as  described  by 
Berkley.  It  seems  to  me,  in  other  words,  that  each  of  the 
bulbous  cnd-orffiitis  af  an  Osvon,  though  opjKirenthj  in  contact 
with  the  cnil-ortjnn  (ff  one  of  the  dendritvs  of  n  neujhhoring 
neuron,  may  he  sepanited  from  it  hi/  an  infinitesimal  distance. 


^  All  italics  are  uiy  own. 
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The  bearing  of  this  arrangement^  as  an  element  of  func- 
tion, asserts  itself  when  the  stress  we  have  hiid  npon  the  vibra- 
tory character  of  a  nervous  impulse  is  recalled.  When  study* 
ing  the  nature  of  the  functional  activity  of  musdeSy  I  had 
r>ccasion  to  say,  referring  to  the  governing  action  of  motor 
nerves :  ''As  the  vibratory  rhythm  of  the  impulse  and  that  of 
the  muscle  always  correspond^  any  variation  of  rhythm  by  the 
hrain-cvntcr  correspondingly  modifies  the  muscular  contrac- 
tion/' If  we  now  analyze  what  this  vibratory  rhythm  means 
wlien  the  dendritic  end-bulb  and  the  axonal  end-bulb  are  sepa- 
rated by  an  infinitesimal  distance,  but  one  answer  appears  to 
suggest  itself:  i.e.,  that  there  can  be  no  flow  of  impulses  from 
one  to  the  other.  But  we  must  not  lose  sight  of  the  fact  that 
the  contradictory  histological  pictures  described  by  Cajal  and 
Berkley  are  those  of  non-living  cellular  elements,  and  that 
death  may  leave  the  two  end-bulbs  juxtaposed,  as  seen  by  Cajal, 
or  separated  by  an  ''infinitesimal  distance,'^  as  seen  by  Berkley. 
Thus^  each  histologist  is  right  in  his  way  as  regards  dead  tissue. 
But  what  of  living  structures?  Cajal  and  Berkley  will  again 
assist  us  in  reaching  a  deduction  in  this  connection,  for  each 
investigator  furnishes  one-half  of  the  main  physical  function 
involved :  i.e.,  vibration,  which  means  rapidly  alternating  jtu^ 
taposition  and  separation  of  the  bulbous  end^cirgans. 

The  rapidity  with  which  the  gap  between  the  two  terminals 
is  oj)ened  and  closed — i.e.,  the  rhythm — regulates,  we  have  seen, 
functional  activitv.  But  can  we  conclude  from  this  that  non- 
activity  of  an  organ  means  cessation  of  vibration  of  the  bulbous 
end-organs  involved  in  the  function?  We  have  seen  that  the 
nutritional  processes  of  all  tissues  are  continuous,  nervous 
energy  being  supplied  to  the  cellular  elements  as  long  as  life 
lasts.  Forel,  as  stated,  was  led  by  his  admirable  investigations 
to  the  conclusion  that  "living  muscle  appears  to  be  so  organized 
that  without  nervous  stimulation  it  can  live  as  little  as  the 
tropical  animal  can  without  warmth  or  the  rose  without  water/* 
This  applies  to  all  living  tissues:  a  feature  of  the  problem 
which  necessarily  implicates  the  continuous  development  of 
nervous  energy  and,  as  a  consequence,  an  unceasing  vibration 
of  the  end-organs.  It  seems  to  me,  therefore,  that,  inasmuch 
as  the  nutritional  processes  of  the  organism  require  a  continuous 
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supply  of  nervous  energy,  all  the  systemic  axonal  and  dendritic 
end-^irgans  are  in  a  state  of  constant  vibration. 

Analyzing  muscular  contractility,  1  stated  that:  *The 
impulse-wave  [and  the  blood  supplied  the  cell]  simply  sets  the 
muscle-elements  to  a  given  vibratory  rhythm,  and  they  retain 
this  whatever  be  the  intensity  of  the  exertion  required.  .  .  . 
This  may  aptly  be  compared  to  the  manner  in  which  a  note 
on  a  violin  is  made  loud  or  soft.  The  power  with  which  the 
string  is  pressed  upon  with  the  moving  bow  modifies  the  in- 
tensity of  the  sound;  but  the  note  remains  the  ^ame.  This 
means  that  its  pitch  does  not  vary,  and  if,  for  example,  the 
lower  C  is  given,  we  will  know  that  the  sound-wave  of  that 
note  represents  two  hundred  and  sixty-one  vibrations  per  sec- 
ond. So  may  the  impulse-wave  transmitted  by  the  brain 
through  a  *motor^  nerve  be  represented  by  a  fixed  number  of 
vibrations.  Betraction,  the  muscle  being  then  most  tense,  is 
therefore  characterized  by  the  greatest  number  of  vibrations/' 
If  this  interpretation  is  sound,  it  is  likewise  applicable  to  the 
'^to-and-fro''  motions  of  the  bulbous  terminals  which  constitute 
vibration,  the  number  of  these  motions  within  a  given  time 
representing  a  given  intensity.  Any  modification  of  the  num- 
ber of  these  to-and-fro  motions  within  a  given  time,  therefore, 
correspondingly  modifies  the  intensity  of  the  resulting  vibra- 
tory impulse-wave,  the  passive  state  of  function  (that  during 
which  cell-nutrition  alone  occurs)  being  represented  by  the 
lowest  number  of  vibrations,  the  active  stage  (during  which  the 
function  is  in  full  sway)  by  the  highest  number  of  vibrations 
compatible  with  normal  health. 

Still,  in  accordance  with  my  views,  this  applies  to  the  im- 
pulses transmitted  by  the  posterior  pituitary  body,  since  this 
organ,  directly  and  through  its  extension  in  the  cord,  governs 
the  passive  stage  of  function  and  incites  the  cellular  elements, 
both  through  the  terminal  vasomotors  and  the  net-works  dis- 
tributed to  the  cells  themselves,  to  higher  activity  when  the 
active  stage  becomes  necessary.  Can  we  say  the  same  of  the 
independent  hemispheres?  This  carries  us  back  to  the  circu- 
lation of  the  brain,  for  the  question  involves  another:  i.e,, 
whether  the  cerebrospinal  functions,  active  and  passive,  are 
carried  out  in  a  manner  similar  to  that  of  all  other  organs. 
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1  am  now  able  to  state  that  they  are,  for  the  neuroglia-fihrils 
of  the  suhstamc  of  the  brain  and  cord  represent  their  blood" 
supply,  jiuft  (Uf  the  cellular  capillary  net^work  of  any  other  organ 
represents  its  blood-supply. 

Indeed,  we  must  not  overlook  the  fact  that>  while  the 
neuroglia-fibrils  representing  the  capillary  supply  ©f  the  cere- 
I»ro-spinal  substance  are  not  supplied  with  vasomotor  nerves, 
the  jK»ripheral  vessels  connected  with  the  organ  are,  thus  fur- 
inshin«r    it    with    what    might    be    described   as    an    extrinsic 
supply.     This  extrinsic  system  would  thus  be  represented  by 
tile  pial  vessels,  which,  as  shown  by  Andriezen,"  are  supplied 
with  vasomotor  nerves.     "We  find,'*  writes  this  investigator, 
"that  it  is  jK>ssible  to  stain  the  vasomotor  nerves  with  Golgi's 
method.     Startintr  from  the  carotid  and  vertebral  plexuses  we 
can  trace  them  no  farther  than  the  circle  of  Willis  by  anatom- 
ieal  disseition  (usin*:  a  lens).     Do  ner>'es  accompany  the  cere- 
bral arteries  as  they  go  off  from  the  circle  of  Willis;  and,  if 
so,  how  far;  and  what  is  their  ultimate,  distribution?     Our 
observations  on  the  kitten's  brain  show  that  bundles  of  nerve- 
fihers  accom])any  the  middle  cerebral  artery  (the  one  specially 
ihosen  for  our  study)  and  its  branches  in  the  pia.    These  fibers 
run    in   tortuous   and   zigzag  fashion,   and   in  the  finer  pial 
branihes  tliey  ran  be  seen  to  form  a  very  fine  (non-anastomotic) 
])!o.\us  of  Jibrils  lying  between  the  outer  and  the  muscular  coats. 
From  this  pf'ritnu,srular  plexus  terminal  fibrils  issue  which,  run- 
ning a  short  distance  along  the  muscular  layer  either  longi- 
tudinally,  transversely,  or  obliquely,  end   in  small  spherules: 
little  ovoid  bulb-like  arrangements  abutting  against  the  mus- 
cular elements    (cells).     We  have  succeeded  in  tracing  these 
terminals  and  their  distribution  to  the  finest  pial  cells,  but  no 
farther.     The   intracortical    continuations   of  the   pial   vessels 
luive  constantly   failed  to  give  us  the  least  evidence  of  this 
perimuseular  plexus,  which  therefore — so  far  as  our  investiga- 
tions go — we  are  compelled  at  present  to  imagine  as  stopping 
iriih  the  pial  hrnnches,  and  not  continued  along  the  intracortical 
vascular  branches.^' '^^    This  evidence,  added  to  the  facts  already 
outlined  concerning  the  pericerebral  vascular  supply,  seems  to 

••Andrloxen:    Brain,  Winter,  1894. 

^  The  word  "not"  is  alone  Italicized  by  Dr.  Andriezen. 
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me  plainly  to  indicate  that  the  cerebral  circulation  is  governed, 
as  is  that  of  the  arterioles  of  the  body  at  large  (by  the  posterior 
pituitary  body,  as  we  shall  see,  pages  982  and  1259),  through 
(he  vasoconstrictor  nerves  Of  the  pial  vessels,  which  are  terminals 
of  the  sympathetic  system. 

This  only  furnishes  us,  however,  the  functional  mechanism 
of  the  passive  stage.  In  other  words,  the  nervous  energy  de- 
veloped owing  to  the  presence  of  a  given  proportion  of  adrenoxi- 
dase  (brought  into  contact  with  the  myelin  through  the  tonic 
vascular  contraction  insured  by  the  general  motor  system)  only 
causes  the  entire  brain  to  create  the  nervous  energy  which,  as 
we  have  seen,  is  essential  to  its  own  life.  But  how  is  the  active 
stage  incited  in  any  one  part  of  the  cerebrum  ? 

As  18  well  known,  groups'  of  individual  muscles  may  be 
caused  to  contract  simultaneously,  while  some  of  the  muscles 
which  enter  into  the  formation  of  these  groups  may  be  re- 
placed by  others.  This  is  well  exemplified  by  the  mechanism 
of  piano-playing:  the  index,  thumb,  and  little  finger,  to  form 
one  chord ;  the  annular  and  thumb  to  form  the  next,  etc.  Trac- 
ing this  mechanism  back  to  the  structure  which  incites  and 
governs  the  muscular  adduction  and  abduction  through  which 
the  keys  are  struck  and  released,  we  are  brought  back  to  a 
neuron.  But  how  is  the  neuron  incited  to  activity?  In  other 
words,  how  is  the  increased  speed  of  blood  through  its  myelin- 
lined  dendrites,  cell-body,  and  axon  incited  and  governed?  Can 
we  ascribe  this  all-important  function  to  the  posterior  pitui- 
tary body?  We  have  seen  that  removal  of  the  hemispheres  did 
not  prevent  iiuisciilar  action;  a  frog  can  swim,  a  pigeon  fly, 
etc.,  and,  indeed,  continue  to  live  a  considerable  time — ^months 
— if  carefully  fed,  notwithstanding  the  absence  of  its  hemi- 
spheres. This  suggests  that,  while  the  posterior  pituitary 
body  cither  directly  or  indirectly  incites  and  governs  the 
functional  activity  of  all  organs,  exception  should  be  made  of 
the  brain,  though  it  governs  the  circulation  of  this  organ. 

Still,  the  ((^llular  elements  of  all  organs  are  supplied  with 
a  net-work  of  tenninal  nerves,  and  it  is  through  the  inter- 
mediarv  in  tln>^  net-work  that  its  functional  metabolism  is 
governed  hy  the  posterior  pituitary.  How  is  the  same  func- 
tion fulfilled  in  the  hemispheres:    i.e.,  how  are  its  cells,  the 
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neuroDB,  "incited  and  governed?"  Are  they  alBO  supplied  with 
a  net-work  of  fibrils  which  receives  impulaee  from  the  poste- 
rior pituitary  body?  There  is  no  evidence  available  to  suggest 
that  such  is  the  case,  and  the  functional  relationship  with  the 
latter  through  the  vasomotor  supply  of  the  pial  vesaels  is  the 
only  link  between  the  two  organs  that  existing  data  permit  us 
to  accept.  If,  therefore,  a  regulative  mechaoiam  exiate,  it  mnat 
be  one  connected  with  the  vascular  system,  and  so  dispOBed  as 
to  enable  it  to  govern  the  circulation  through  one  or  more 
neurons  simultaneously.  It  must  supply  its  own  nervouB  en- 
ergy, for  we  have  seen  that  Andriezen  found  the  vasomotor 
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nerves  to  distinctly  terminate  upon  the  muscular  coats  of  the 
pial  vessels;  indeed,  it  must  be  as  autonomous  an  organ  as  is 
the  neuron  itaelf. 

Such  an  organ  we  have,  it  seems  to  me,  in  the  neoroglia* 
cell  shown  in  the  above  illustration,  which  Andriezen  has  named 
the  "protoplasmic  neuroglia-cell,"  and  describes  as  follows**: 
"The  protoplasmic  glia-cell  has  a  distinct  cell-body,  which  is 
irregularly  oval,  frequently  pyrifonn.  Its  various  protoplasmic 
processes  are  of  moderate  length;  they  exhibit  great  variationa 
of  caliber,  some  being  stout  and  coarse  and  others  exceedingly 
fine.  These  processes  are  also  dendritic:  a  thing  never  seen 
in  the  stellate  cells.     A  most  striking  feature  is  the  shaggy 
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graniilar  contour,  as  if  a  fine  moss  constituted  the  protoplasmic 
processes.  .  .  .  Further,  by  one  or  more  of  their  coarser 
processes  the  protoplasmic  cells  are  attached  to  the  perivascular 
sheaths.  The  figure  [on  the  opposite  page]  riiows  the  cell  with 
two  such  vascular  processes,  each  attached  to  the  vessel  by  a 
conical  disk-like  expansion  (*foof  j.'* 

These  characteristics  of  this  cell  speak  clearly  in  favor 
of  my  view  that  neuroglia-cells  and  fibrils  are  channels  for 
blood.  Bearing  directly  upon  the  question  in  point,  how- 
ever, is  the  fact  that  this  cell,  as  indicated  by  its  gemmules  and 
its  dendritic  appearance,  must  be  supplied  with  myelin.  The 
association  of  this  myelin  with  the  blood-plasma  in  transit  at 
this  point — i.e.,  so  close  to  the  blood-vessel — seems  suggestive, 
for,  if  the  iUustration  is  closely  examined,  dendrites  are  not 
alone  found  around  the  cell,  but  also  fibrils,  which  start  from 
various  parts  of  these  dendrites.  That  these  protoplasmic  nea- 
roglia^^ells  are  directly  connected  with  the  blood-vessels  so 
as  to  admit  plasma  is  demonstrated  by  the  fact  that  they  also 
take  part  in  the  engorgement  of  neuroglia  structures  that  f<d- 
low  poisoning.  'The  bodies  of  the  mossy  neuro^iapcelb,'' 
writes  Berkley,  alluding  to  the  effects  of  ricin  poisoning,  ^aie 
larger  than  normal,  rounded,  sometimes  globular  in  outline, 
and  the  tentacles  are  thickened  and  knotty.  There  are  general 
evidences  that  these  structures  of  the  lymphaiic  syst^n  are 
undergoing  modifications  of  a  pathological  nature.*^  I  have 
already  stated  that  this  'lymph^'  was,  according  to  my  view, 
its  next  o^  kin :  i,e.,  blood-plasma. 

Beferring  to  the  paper  from  which  I  have  just  quoted, 
Andriezen  remarks**:  '*We  also  stated  at  the  time  that  the 
evidence  of  staining  with  Grolgi's  method  shows  us  a  system 
of  lymph-spaces  surrounding  the  cell-body  and  its  branches. 
Careful  and  fresh  observation  confirm  us  in  this  opinion,  viz.: 
that  there  is  an  exceedingly  fine  system  of  canaliculi  and  lymph- 
spaces  surrounding  the  body,  and  dendritic  processes  of  the 
protoplasmic  glia-cell,  and  directly  continuous  with  the  peri- 
vascular l3rmph-spaces.**  If  the  annexed  sketches  ly  Andriezen 
are  now  examined  and  interpreted  from  my  standpoint,  addi- 
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tionni  Uvtiiiiony  in  favor  of  my  conception  of  the  whole  mech- 
anism of  brain-function  will  appear.  Indeed,  the  conoltculi 
are  evidently  tJie  «iwningB  into  the  ncuroglia-fibrilB.  But  these 
mic[osco])i(-iil  clmniicls,  which  are  often  <Hie-Bixth  the  fize  of  a 
hlood-corpuscic,  would  soon  be  blocked  were  the  latter  allowed 
tn  reat-li  tiicni.  There  ie  intcrpofled  between  them,  therefore, 
a  lymphntif  incnibraue,  similar  to  the  one  which,  as  we  have 
seen,  foniiB  the  lyniph-spaco  from  which  yeJnB  start.  Here, 
however,  a  double  i>iirpose  is  served,  as  shown  in  the  sketch. 
It  forme  two  cavities:   tlie  one  surrounds  the  blood-vessel,  and 
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rejiroscnt;!  llic  channel  cnnnecte<l  with  the  vonmis  syrtem,  to 
which  all  cnrimselcs  return;  the  other,  or  estenial,  ppace  re- 
ci'ives  i>nly  the  hluoil-plaMna  which  has  pnpccil  through  the 
mcmliriuio.  The  hitter,  heinp  mainly  eoni|inseil  of  endothelial 
plates,  is  therefore  phapocrtic  and  bnctericidiil,  iuhI  lliiis  admita 
into  flic  neiiroj.'lia  canalieuli  not  only  plasma  relieved  of  all  its 
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cellular  elements,  but  also  asepticized  adrenoxidase-laden  plasma. 
The  outside  of  a  vessel  covered  with  a  neuroglia-ridden  sheath  is 
shown  in  Fig.  3. 

The  two  kinds  of  neuroglia-cells  may  be  seen  to  take  part 
in  the  formation  of  the  external  net-work  of  fibrils  in  the  illus- 
tration on  page  586.  It  is  here,  it  seems  to  me,  that  the  gov- 
erning attribute  of  the  "protoplasmic  neuroglia-cell"  shows 
itself,  as  suggested  by  the  dendritic  appearance  of  its  exten- 


Blood-vessel  of  the  Human  Brain.  Showing  Several  Neu- 
roglia Fiber-cells  Surrounding  it  and  Forming  a  Felt-work 
(Perivascular  System).    {Andriezen.) 

a.  An  encircliDg  cell.  5,  Perpendicular  neuroglia-flber  entering  the 
sbcatb  at  right  angles  from  a  distant  (extrinsic)  cell. 


sions.  Indeed,  Eanvier  has  been  led  to  conclude  that  the 
other  variety  of  neuroglia  (stellate)  cell  is  not  much  more 
than  a  mass  of  aggregated  fibrils  in  transit,  the  latter  passing 
through  them  without  forming  part  of  the  cellular  structure. 
Still,  as  it  contains  a  nucleus,  it  may  possess  a  regulative  ac- 
tion. The  larger  cell,  liowever,  imposes  itself  as  an  organ  of 
a  very  active  kind — ciipable  probably  of  playing  in  the  brain 
the  part  that  the  vagus  plays  in  various  organs:    i.e.,  to  incite 
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active  function  and  govern  it  in  the  neurons  with  which  it  is 
connected,  either  directly  or  through  the  intermediary  of  other 
neurons.  The  connection  with  the  latter  would  not  be  estab- 
lished by  continuous  fibers,  but  through  their  end-bulbs,  the 
axonal  of  the  one  to  the  dendritic  of  the  other,  etc.,  in  order 
to  allow  of  the  transmission  of  vibratory  impulses.  Beferring 
to  these  larger  ^^protoplasmic"  ganglia  cells,  Andriezen  writes: 
*They  occur  abundantly  throughout  the  gray  matter,  in  all 
the  layers  of  the  cortex,  but  are  rare  in  the  white  substance.** 
Indeed,  according  to  my  views,  the  latter  is  a  mass  of  axis- 
cylinders  coming  from  the  upper  strata,  and  surrounded  by 
their  myelin,  wherein  energy  increases  with  distance:  a  true 
"avalanche" — ^using  Pfliiger's  expression — of  nervous  force 
toward  the  lower  cerebral  structures. 

The  predominating  function  of  both  varieties  of  neuroglia- 
cell   asserts  itself,  however,   when  the  characteristics   of  the 
cortical  layers  are  reviewed.     The  first,  or  molecular,  layer 
contains   but   few   nerve-cells,    according   to    Andriezen.      Its 
proximity  to  the  pial  vessels  normally  suggests  that^  if  glia^ 
cells  are  intermediaries  between  these  vessels  and  the  brain- 
substance's  circulation,  they  should  occur  in  large  quantities 
in  this  region.    "Its  outermost,  or  superficial,  region  is  formed 
of  a  system  of  neuroglia  fiber-cells,"  says  Andriezen,  and  by 
means  of  the  annexed  illustration,  among  others,  he  emphasizes 
the  varied  directions  and  the  length  their  extensions  may  as- 
sume.    But  if  the  illustration  on  page  586  is  examined,  the 
manner  in  which  these  cells  (according  to  my  interpretation) 
are  supplied  with  plasma  may  be  easily  understood.    As  shown 
therein,   the   pial   vessel   dips   into   the  brain-substance,   sur- 
rounded by  its  lymphatic  membrane  in  such  a  manner,  we 
have  seen,  as  to  form  two  spaces,  the  internal  of  which  is  for 
the  blood  and  corpuscles  to  be  returned  by  the  veins  to  the 
general  circulation;  the  otlier,  or  external   space,  being  that 
in  which  the  plasma  for  the  neuroglia-cells  passes  after  pene- 
trating the  lymphatic  membrane,  in  order  to  reach  the  neu- 
roglia-fibrils.     This  affords  a  supply  to  both  kinds  of  cells, 
which  are  seen  to  line  tlie  plasma-containing  space.    That  both 
are  intimately  connected  with  the  circulation   appears  to  me 
beyond  doubt;  that  the  mossy,  or  protoplasmic,  cell  is  endowed 
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vith  some  function  other  than  as  a  mere  diBttibuting  center 
ia  as  lilcely;  that  this  fimction  gbould  be  to  regulate  the  cir* 
eolation  in  the  neurons,  or  groups  of  neurone  vith  which  it 
is  connected  (aa  shown  bj  the  effects  of  poisons  upon  all  struct 
nres  thus  ccmnected),  is  strongly  suggeeted  by  the  fact  that, 
while  the  need  of  such  a  regulative  system  is  evident,  there 
ia  no  discernible  or  known  organ  or  system  of  organs,  directly 
connected  with  the  plal  blood-Tessels,  other  than  these  cells 
to  which  this  important  function  could  be  ascribed.  The  fol- 
lowing conclusions,  therefore,  eeem  to  me  warranted: — 


SBTKN   CaCDATB   NEUROQLtA   FlBra-CBLU  ntOM  TBK  HUUAH   BRAIN< 

coRTBX  <P:fi»T  LATBit).    (liuIrieMrt.) 
a,   TsDRentlBl   flber-arstem.    b.   Cell-bodies,    t.   Dewendlng  flber-aji- 
tcm.    The  dotted  line  cbows  tbe  limit  between  tbe  Oral  and  Hcond  and  the 
■ceoDd  and  (bird  laren. 

The  neuroglia-ceUs  are  the  intermediaries  hetween  the 
general  circulation  and  the  capillary  system  (neuroglia-fibrHs) 
of  the  brain-substance.  The  smooth  stellate  cell  seems  only  to 
serve  for  the  equable  disti-ibution  of  the  blood-plasma  to  the 
neurons,  while  the  mossy,  or  protoplasmic,  cell  presents  the  attri- 
butes of  an  organ  to  which  the  function  of  inciting  a  group  of 
neurons  to  action  by  activating  its  blood-supply  and  of  governing 
the  quantity  of  nervous  energy  produced  in  these  neurons  can  be 
ascribed. 

Judging  from  tbe  admirable  histological  work  of  Andriezen 
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and  Berkley,  the  engorgement  caused  by  poisons  affecls  the 
three  upper  layers  of  tlie  cortex  most  markedly.  The  bead- 
like BwcUingB  of  the  first-layer  dendrites  are  well  ehown  in  the 
annexed  illustration,  the  lesions  being  those  found  in  alcoholic 
insanity.  The  second  layer  and  third  layer  are  represented 
by  the  plate  opposite  page  550,  reproduced  from  Berkley's 
article,  riein  poisoning,  aa  previously  stated,  having  been  the 
eause  of  the  cerebral  engorgement.  The  cells  of  the  last,  or 
fourth  (polymorphous),  layer  are  not  shown,  but  the  fact  that 


Tbrhinai.  Turra  and  Endinoi  or  thk  PBOTopLAinic 
■HS*a  TH  TUB  First  Latch  (Human  Br. 
(^■drttieii. ) 

Show  la  ■  twid-uke  aad  monllllorm  iweUlngi,  coals 
miUarr  graDulei  Id  place,  aad  loaa  of  floe  granulation  l 
fectcd  parti.     Tbe  dotted  line  marka  tbe  limit  betveen  the  i 
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Marchi  found  that  the  ependymal  neuroglia-cells  sent  a  central 
extension  to  tlie  optic  thalamtis,  where  it  divided  and  became 
flttflched  to  the  blood- vcrsoIs,  bIiowa  that  the  circulatory 
mechanism  I  have  described  applies  to  the  entire  cerebro-spinal 
system.  Briefly,  ike  cerebro-spinal  ityMem  in  built  vp  of  nfiironx 
supplied  with  adrenoTidane-Iaden  blood-plasma  ihroufjJi  the  in- 
termediary of  protoplasmic  neurorjUa-crlls,  whirh  reijulaie  the 
volume  of  ihiit  fluid  admitted  into  the  neuronn  and,thereby,ilteir 
•functional  activity. 
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OF  THE  NERVOUS  SYSTEM. 

Howell,®^  in  the  course  of  experiments  which  led  him  to 
conclude  that  "the  infundibular  lobe  of  the  hypophysis  (the  pos- 
terior pituitary)  is,  in  all  probability,  not  a  rudimentary  organ, 
but  a  structure  that  has  some  important  physiological  activity," 
found,  as  I  have  already  stated,  that  "the  extracts  of  the 
glandular  lobe  (the  anterior  pituitary)  have  little  or  no  per- 
ceptible effect  when  injected  alone.  Extracts  of  the  small  in- 
fundibular lobe,  on  the  contrary,  have  a  distinct  and  remark- 
able effect  upon  the  heart-rate  and  blood-pressure,  an  effect 
which  resembles,  in  some  respects,  and  differs,  in  others,  from 
that  shown  by  suprarenal  extracts.^' 

We  have  seen  in  our  previous  analysis  of  these  observations 
that  the  sjTuptoms  produced  were  tliose  of  suprarenal  over- 
activity, and  that  the  extract  acted  as  did  adrenal  extract;  the 
heart-beat  was  "not  only  slowed,  but  considerably  augmented 
in  force,"  says  Howell,  "as  shown  by  tracings  taken  with  a 
Hiirthle  manometer,"  etc.  When  both  vagi  were  cut  or  a 
little  atropine  was  given,  the  slowing  of  the  heart  was  less 
marked.  The  result  of  vagal  section  is  evident.  As  to  the 
atropine,  it  prevented  the  slowing  because,  when  added  to  the 
pituitary  extract,  it  modifies  its  action,  by  inhibiting  the  func- 
tions of  the  adrenals  as  it  does  those  of  other  glands.  But  an 
interesting  query  imposes  itself  in  this  connection :  The  extract 
having  at  first  stimulated  the  activity  of  the  adrenals,  how  did 
the  latter,  through  the  increased  oxidizing  substance,  bring  about 
increased  vagal  action?  The  answer  is  easily  reached:  the  pos- 
terior pituitary  being  also  increasingly  supplied  with  oxidizing 
substance,  its  activity  is  likewise  increased.  This  emphasizes  an 
important  feature:  i.e.,  that  the  posterior  pituitary  is  function- 
ally stimulated,  as  is  any  other  organ,  by  the  oxidizing  substance 
in  the  blood  passing  through  it.  Indeed,  the  nerve-fibers  which 
Berkley  found  to  accompany  the  arteries  suggest  the  presence 
of  a  functional  arrangement  similar  to  that  of  any  organ,  while 


•>  Howell:    "Transactions  cf  Congress  of  American  Pbysicians  and  Surgeons," 
TOl.  Iv,  p.  S3,  1897. 
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the  presence  of  so  many  neuroglia-cells  at  the  apex — Le.,  where 
the  posterior  pituitary  meets  the  infundibulnm — ^indicateB  that 
the  neurons  which  they  supply  are  the  seat  of  marked  func- 
tional activity. 

The  feature  brought  out  by  Howell's  ezperimentB,  how- 
ever, is  that  the  posterior  lobe  (including  the  pars  inlermedia 
as  Recently  shown  by  Herring*®')  contains  an  active  agency. 
This  harmonizes  with  my  views,  since,  as  we  have  seen,  the 
ant^'riur  lobe  is,  to  a  certain  degree,  passive  Ibl  that  it  is  stimu- 
lated to  an  inordinate  degree  only  when  toxics  are  present  in 
the  blood,  while  its  normal  activity  is  sustained  by  the  secretioa 
of  the  thyroid  gland.  Though  the  purpose  of  both  organs  is 
similar,  therefore, — ^the  conversion  of  chemical  energy  into 
nervous  energy, — the  manner  in  which  this  is  done  is  not  similar. 
Indeed,  in  the  posterior  lobe,  the  exciting  agency  is,  as  just 
stated,  precisely  as  it  is  in  any  organ :  i.e.,  oxygen.  The  posterior 
pituitary  must,  therefore,  become  physiologically  active  through 
the  same  chemico-physical  process  that  prevails  elsewhere  in  the 
body. 

Indeed,  we  have  seen  that  the  posterior  lobe  is,  in  reality, 
but  an  aggregate  of  neurons — and  a  precious  aggregate  it  must 
be,  ensconced,  as  it  is,  in  a  bony  cradle  and  resting  on  a  pillow 
of  blood,  to  preserve  it  against  shocks  or  traumatisms!  That, 
like  all  iioiirous,  this  aggregate  depends  mainly  upon  a  phos- 
phorus-containing ground-substance  has  been  shown.  I  will 
recall  that  C'von/'^  in  the  course  of  a  large  number  of  experi- 
ments (since  confirmed  by  Masay,  see  pages  983  to  989),  ob- 
served that:  "1.  Any,  even  slight,  pressure  upon  the  hypophysis 
(i.f.,  both  organs)  immediately  gives  rise  to  a  sudden  variation 
of  blood-pressure  and  to  a  notable  reduction  in  the  beats  of  the 
heart,  the  strength  of  which  is  at  the  same  time  considerably 
increased.  2.  Electrical  stimulation  of  the  hypophysis,  eveu 
with  extremely  weak  currents,  produces  exactly  the  same  phenom- 
ena as  does  mechanical  pressure,  but  in  a  much  more  intense 
manner.  3.  Extract  of  hypophysis,  injected  into  the  veins 
of  an  animal,  produces  upon  the  heart  and  upon  blood-pressure 
effects  that   are   analogous  to   those   caused   by   electrical  and 

•>•  Herring:    Quarterly  Journ.  of  Ezper.  Physiol.,  toI.  i,  p.  281,  1908. 
^  De  Cyon:    Archives  de  Physiologle,  July,  1898. 
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mechanical  stimulation  of  this  organ.''  I  have  pointed  out  that 
this  pituitary  extract  does  not  prove  the  existence  of  a  secreticm 
at  all,  and  that  its  action  was  due  to  the  presence  in  the  organ — 
as  in  all  sympathetic  structures,  of  chromaffine,  i.e.,  of  adrenal 
substance.  Indeed,  Oliver  and  Schafer  in  1895  found  that 
pituitary  extract  could  be  boiled  without  destroying  its  action — 
a  property  which  a  ferment  such  as  the  adrenal  principle  pos- 
sesses alone.  This  added  to  the  chromaffine  and  adrenalin  re- 
actions and  the  fact  that  the  effects  of  pituitary  extract  are 
precisely  those  of  adrenal  extract  shows  the  fallaciousness  of  the 
secretion  doctrine.  Conversely  the  facts  reviewed  the  presence 
of  phosphorus,  noted  by  Bossbach,  and  the  effects  of  direct  stimu- 
lation, plainly  show  that  the  posterior  pituitary,  being  mainly 
composed  of  neurons  and  their  protoplasmic  extensions,  is  the 
seat  of  reactions  similar  to  those  that  prevail  in  other  nerve 
centers. 

The  intrinsic  processes  upon  which  the  physiological 
functions  of  neurons  and  nerves  depend  seem  to  me  to  be  rep- 
resented in  the  foregoing  pages,  but  I  have  still  to  account 
for  the  "stormy  processes  in  the  nerve-fiber''  to  which  Barker 
refers:  i.e.,  the  exacerbations  through  which  passive  functions 
become  active.  Can  we  attribute  these  to  the  cells  in  the  sev- 
eral centers?  "Notwithstanding  almost  infinite  minor  varia- 
tions in  form,"  says  Professor  Barker,  "the  neurons  in  the  most 
diflferent  parts  of  the  nervous  system  present  surprisingly 
similar  general  external  morphological  characteristics."  We 
have  seen,  by  the  details  furnished  by  the  histological  studies 
of  Berkley,  that  such  is  not  the  case  with  the  neurons  in  the 
posterior  pituitary.  Indeed,  there  are  in  this  organ  ten  cells, 
exclusive  of  four  of  the  neuroglia  type  that  differ  in  morpho- 
logical characteristics,  each  of  which  receives  from  Berkley  a 
separate  description.  Xot  only  do  all  the  axons  of  the  cells  in 
this  lobe  point  upward,  but  the  diversity  of  cellular  shapes  is 
beautifully  illustrated  in  the  plate  opposite  page  594,  a  trans- 
verse vertical  section  of  the  infundibular  region. 

We  have  seen  that  above  the  infundibulum — i.e.,  in  the 
structures  of  the  third  ventricle — ^he  found  "varieties  of  epen- 
dymal  neuroglia-cells,  previously  supposed  to  have  entirely 
disappeared  from  the  central  nervous  system,"  etc.,  and  which 
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were  thought  to  be  confined  to  ^^reptiles,  amphibia,  and  fishes. 
I'he  physiological  rote  I  have  ascribed  to  neuroglia-cells  and 
filKTs  further  emphasizes  the  importance  of  these  structures 
and  of  the  marked  nutritional  activity  of  which  they  are  the 
i^eiit.  As  a  complement  of  this  I  showed  that  Andriezen  traced 
a  direct  nervous  connection  in  all  classes  of  vertebrates  between 
the  ^'posterior  lobe  of  the  pituitar}'/'  on  the  one  hand,  and 
'*the  olfactor}'  center*'  and  the  *T)ulbo-spinal  centers/'  on  the 
other. 

When  tliese  facts  and  others  reviewed  are  placed  side  by 
side  with  the  adduced  evidence  (1)  that  the  middle  brain  is  the 
seat  of  a  nervous  mechanism  through  which  highly  differen- 

Transverse  Vertical  Section  of  the  Infundibulab  Rbqion. 

a.  Lumen  of  ventricle,  a'.  Lumen  of  infundibulum.  1,  Primary  forms  of 
ependymal  neuroglia,  the  processes  extending  from  a  cell-Uke  body  at  the  edge 
of  ttie  ventricular  cavity  to  the  subplal  limit.  2,  Coarser  and  less  ramified 
vari4>ty  of  cpendymal  cell.  3.  Coarser  ependymal  cells,  branching  within  the 
inner  half  of  the  infundibular  wall.  4,  Portions  of  ependymal  cells  with  tufted 
Bubpial  branchings.  5,  Unstained  nerve-cells.  6,  Pyramidal  cells  with  long,  fine 
processes.  8.  Transversely  lying  cells  of  small  sise  with  knobbed  extremities. 
9.  Pyramidal  cciis  with  large  numbers  of  apical  processes.  10,  Probable  axis- 
cylinder  extension  of  pyramidal  cells  with  thickenings,  and  rectangular  exten- 
sions to  the  subpiai  limit.  11.  Nerve-fibers  passing  from  the  infundibular  wall 
into  the  tissues  along  the  border  of  the  ventricle.  12,  Burr-like  cells  of  the 
infundibular  wall.  13,  Line  of  the  floor  of  the  brain.  14,  Long-rayed  ependymal 
cells  of  the  juncture  of  the  ventricular  and  infundibular  cavities.  15,  15,  Fir-tree 
ependymal  cells  of  various  sizes  and  forms  lining  the  border  of  the  ventricle.  A 
few  of  them  arc  seen  to  have  rounded  knobs  adjusted  against  the  plal  limit  of 
the  basis  cerebri.  16,  Neuroglia  cell  approximating  the  short-rayed  type  of  Golgi. 
17,  17,  Susteutacular  glia-cells  of  the  inferior  border  of  the  tuber  cinereum.  18, 
19,  Glia-rells  with  numerous  long  and  stout  hairy  processes  from  the  bodies,  and 
thiclicr  projections,  probably  transition  forms  between  the  sustentacular  cells  and 
cells  of  later  development.  20,  Probable  nerve-cell  resembling  some  of  the  glla- 
cells.  21,  21,  Large  mossy  cells  situated  at  some  distance  from  the  ventricular 
border.    22,  22,  Nerve-ceils  of  different  forms.    (Berkley.) 

tiat<?d  afToront  impulses  .inoet  with  response,  and  (2)  that  the 
structures  to  which  Berkley  and  Andriezen  refer  are  contained 
precisely  in  the  central  gray  matter  which  Foster  considers  as 
^"perhaps  in  point  of  origin  the  oldest  part  of  the  brain"  and 
which  '^seems  to  serve  chiefly  as  a  bed  for  the  development  of 
the  nuclei  of  the  cranial  nerves/'  it  seems  clear  to  me  that  the 
posterior  pituitary  body  is  a  general  center  in  which  active  func- 
tions are  incited  and  governed  in  response  to  afferent  impxitses, 
A  neuron,  we  have  seen,  presents  the  attributes  of  other 
organs ;  that  the  analogy  includes  the  functional  limits  of  these 
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organs  is  very  probable.  Under  these  circumstances  and  taking 
the  digestive  system  as  example,  a  group  of  neurons  consti- 
tuting the  origin  of  a  nerve  would  be  able  automatically  to 
continue  its  passive  functions  between  meals.  But  just  as  the 
onset  ^f  digestion,  the  active  functional  state  of  the  stomach, 
involves  an  increase  of  the  volume  of  blood  supplied  to  its  mus- 
cular and  secretory  elements,  through  vasodilator  impulses,  so 
would  a  nerve-center,  when  required  to  assume  the  active  phase 
of  its  functions  receive  more  blood  (adrenoxidase-hden  plasma) 
through  arterial  vascular  elements  governed  by  the  posterior 
pituitary. 

Professor  Foster's  reference  to  the  central  gray  matter 
as  a  bed  "for  the  development  of  the  nuclei  of  the  cranial 
nerves''  suggests  that  the  posterior  pituitary  might  possibly 
supply  energy  for  all  cranial  nerves.  The  complex  origins  and 
connections  of  the  optic  nerve  would,  under  these  conditions, 
convert  the  posterior  pituitary  into  a  source  of  energy,  pure 
and  simple,  for  general  distribution.  Ample  evidence  to  this 
effect  is  submitted  in  the  second  volume. 

This  does  not  apply  to  the  anterior  lobe,  however,  although 
its  pars  intermedia  governs  the  adrenals.  Berkley  says,  of  the 
anterior  pituitary :  "No  nerve-c e/fe  are  to  be  found  in  the  sub- 
stance of  the  organ,  and  all  nerves  belonging  to  it  appear  to 
be  derived  from  branches  of  the  carotid  plexus."  This  indi- 
cates that  nervous  energy  supplied  by  this  organ  to  the  adrenal 
system,  while  produced  through  the  intermediary  of  the 
layer  of  sensitive  cells  in  the  partition  between  the  two  lobes 
(see  page  9G0  for  its  description),  is  due  to  a  stimulating  influ- 
ence other  than  that  which  prevails  in  the  posterior  lobe.  In 
other  words,  while  the  iodine  in  organic  combination  in  the 
thyroid  secretion  is  the  normal  stimulus  of  the  sensitive  cell- 
layer, — and  one  of  tlie  many  stimuli  to  which  it  responds, — the 
posterior  lobe  is  made  up  of  many  types  of  neurons  which 
depend  upon  the  lecithin  formed  between  their  protoplasmic 
partitions  for  their  functional  activity. 

The  or<rans  differ  markedly  and  significantly  in  one  re- 
spect, tlierefore:  i,e.,  in  tlie  fact  tliat,  while  the  whole  of  the 
anterior  lobe  is  devoted  to  the  one  purpose  of  energizing  the 
suprarenal  center,  the  posterior  is  an  aggregate  of  many  cen- 
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ters.  This  indicates,  it  Beems  to  me,  that  if  the  organ  were  a 
general  source  of  energy  for  the  whole  bed  of  cranial  nenrea, 
irrespective  of  the  individuality  and  purpose  of  each  nerve^  it 
would  have  been  similar  in  general  construction  to  its  mate, 
the  anterior  lobe.  That  it  tends  to  suggest  that  each  group  of 
neurons  in  the  posterior  pituitary  body  is  a  highly  specialized 
center  for  a  single  class  of  nerves.  Indeed,  this  is  experimentally, 
though  indirectly,  sustained  by  Andreizen's  researches.  He 
could  not  have  traced  a  direct  nervous  connection  with  the 
olfactory  bulb  and  with  the  cerebro-spinal  axis  had  the  organ 
been  a  center  for  the  production  of  energy  intended  to  be  diffused 
promiscuously  in  the  central  gray  matter. 

Again,  the  connection  between  the  posterior  lobe  and  the 
nervous  system  cannot  be  limited  to  the  cranial  nerves,  since 
we  have  seen  bow  intimate  is  the  functional  relationship  in 
which  afferent  impulses  obtain,  between  the  middle  brain  and 
the  entire  motor  system.  Were  the  cranial  nerves  alone  in- 
volved, the  skeletal  muscles  would  have  to  be  omitted  from 
the  list  of  structures  under  the  organ's  control.  As  we  have 
seen,  removal  of  the  middle  brain  abolishes  all  *1)odily  move- 
ments," as  Foster  puts  it,  "carried  out  by  means  of  co-ordinate 
motor  impulFCs,  influenced,  arranged,  and  governed  by  coin- 
cident sensory  or  afferent  impulses." 

Yet,  how  can  the  posterior  lobe  influence  organs  with 
wliidi  it  has  no  anatomical  connection?  Thus,  the  most  prom- 
inent motor  paths,  the  pyramidal  tracts,  arise,  in  the  cortex, 
from  the  upper  two-thirds  of  the  central  convolutions,  pass 
down  behind  the  knee  of  the  internal  capsule,  and  then  pene- 
trate the  middle  third  of  the  pes  cerebri,  then  the  pons  and 
tlie  medulla,  and  finally  pass  down  the  cord.  Where  is  the  con- 
nection with  the  posterior  pituitary?  When  the  tracts  "emerge 
from  the  pons,"  says  Edinger,**^  "their  fibers  form  two  large  bun- 
dles in  the  ventral  portion  of  the  medulla," — i,e.,  in  the  regions 
of  the  middle  brain, — where,  as  we  have  seen,  not  only  all  nerves 
endowed  entirely  or  in  part  with  motor  properties — ^the  second, 
third,  fourth,  fifth,  sixth,  seventh,  eighth,  ninth,  tenth,  elev- 
enth, and  twelfth  pairs — are  represented  either  by  their  nuclei 


*■  Bdinger:    Loc.  cit. 
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or  by  communicating  root5,  but  al?-:'  -rbrTr  tT  f^f—-*   u  imr* 
certain  vasoconstrictor,  i.e..  sympatk^i*-:  r-^:/-''^-'/. 

It  becomes  a  question  as  to  the  mariyHr  -jl  -rljii  in*  rnrr- 
brum  is  itself  functionally  governed,  in  so  Imi  is  j^  r-ni'dr.xL 
functions  are  concerned.  In  the  light  of  the  f:r-rr.-:i:r  im^ 
we  are  brought  to  the  eminently  logical  conclnsj.--  ^uti  zl 
order  to  insure  perfect  co-ordination  of  the  functioi;tl  t. --^-rr- 
in  all  organs^  a  single  structure  is  entrusted  by  Xariir*  ^rrJL 
this  all-important  role,  i.e.,  the  posterior  pituiiary.  71s 
cerebrum,  as  the  organ  of  Mind,  differs  in  no  ray  from  pri-p^ 
organs,  from  my  vie^i-point:  its  circulation  is  also  gottm^.d  zf 
the  pituitary  body  during  its  active  and  passive  state:  -raii-e 
and  sleep.  I  have  previously  referred  to  the  fact  that  t^ 
medulla  is  only  a  transmitting  center:  a  general  sution  Vj 
which  impulses  from  various  directions  arrive  by  the  cord  frees 
below,  by  the  commissures  from  the  encephalic  EtractGR#. 
and  establish  junctions  with  the  several  paths  with  which  tbey 
are  related.  ^The  encephalon  is  a  very  complicated  system  of 
large  and  small  continents  of  gray  or  central  nervous  sub- 
stance/^ says  Professor  Duval,  '^communicating  one  with  an- 
other and  with  the  medulla  by  numerous  commissures." 

We  have  seen  how  absolutely  independent  of  motor  func- 
tions the  hemispheres  are,  though  volitional  attributes  enable 
them  to  utilize  the  motor  system.  Indeed,  the  experimental 
evidence  adduced  on  this  score  is  incontrovertible.  But  the 
fame  distinguished  physiologist  says:  *T^he  nerve-cells  of  the 
cord  form  in  this  organ  a  continuous  central  gray  mass,  extend- 
ing from  one  extremity  of  the  organ  to  the  other.  But,  if  the 
anatomist  locates  the  superior  limit  of  the  cord  on  a  level  with 
the  occipito-atloidian  articulation,  for  the  physiologist  the  cord 
extends  m\'j  the  interior  of  the  cranium;  it  reaches  to  the 
aque<luct  of  Sylvius  (the  true  origin  of  the  motor  oculi  com- 
munis and  patheticus)  and  even  on  a  level  with  the  third  ven- 
tricle— the  gray  subrtance  of  the  walls  of  this  ventricle.^^  We 
have  seen  that  he  also  referred  to  its  reaching  up  to  the  sella 
turcica.  That  it  is  within  this  bony  structure  that  the  main 
center  of  this  vast  mechanism — ^with  its  extensions  and  ter- 
minals, including  the  vasomotor  fibers — ^liefr,  has  been  suffi- 
ciently   emphasized.      I    feci,    therefore,    thai    I    have    good 
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ground  for  the  previously-mentioned  postulate  that  the  posterior 
pituitary  is  a  chief  center  from  which  arise  excito-motor  im- 
pulses now  thought  to  originate  in  the  bulb. 

The  relationship  that  exists  between  the  cranial  nerves  and 
the  posterior  pituitary  body  now  becomes  apparent.  Not  only 
dot»s  it  seem  as  if  the  motor  properties  either  in  toto  or  in  part 
owed  their  functional  impulses  to  this  body,  but  those  which 
regulate  its  functional  blood-supply  also.  Again,  as  all  organs 
require  functional  impulses  and  blood,  and  inasmuch  as 
these  impulses  and  the  blood  must  be  incited  and  governed, 
all  organs  must  be  functionally  dominated  by  the  posterior 
pituitary  body.  Indeed,  al!  the  data  that  I  have  presented  in 
this  work  tend  to  show  that  the  posterior  pituitary  body  is  a 
dominant  center  of  the  arganisni;  it  influences  the  functional 
activity  of  all  organs,  through  the  intermediary  of  the  subsidiary 
centers  located  in  the  bulb  and  "ijnnal  cord.  The  scope  of  these 
functions  is  defined  in  the  .sixteenth  chapter. 

The  anatomical  relations  of  the  posterior  pituitary  are 
shown  in  the  annexed  plate  which  portrays  the  relationship  be- 
tween this  organ,  the  floor  of  the  third  ventricle,  the  medulla, 
the  pons,  and  the  cord — all  of  which  are  continuous, 

THE  I'OSTEKIOR  PnilTAKY  AS  THE  SENSOlllL  M  COMMUXli?. 

From  all  tiio  data  f^iibinittcd  and  the  normal  functional 
association  t'nihodicd  in  rctlex  phonomona  manifested  through 
various  nerves — the  va^us,  i'or  example — niotor-efrerent  phe- 
nomena are  the  normal  seijuenees  ot*  sensory-airerent  impres- 
sions, and  the  two  are  necessarily  linked.  'J'lie  pons  A'arolii,  or 
at  least  its  (/raj/  ganglionic  substance,  is  now  thought  to  originate 
motor  impulses  that  are  independent  of  mental  i)roeesses  and 
to  be  the  seat  of  instinctive  acts.  "It  is,  indeed,  to  the  pons,'* 
says  Professor  Duval,  **that,  in  a  general  way,  we  appear  au- 
thorized to  ascribe  the  most  important  role  in  ^reat  emotional 
expressions:  laughing,  weeping,  the  cry  of  ])ain  ;  in  a  word,  in- 
voluntary manifestations.  It  is  in  this  sense  that  the  term 
scnsoriiun  commune  applied  to  the  pons  should  he  understood. 
Indeed,  if,  as  was  done  by  Vuli)ian,  the  cor  pom  si  via  la,  the  optic 
ihalami,  the   tubercula  quadrigemina,   and   tiie   cerebellum   are 
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successively  removed,  the  animal  still  shows,  by  characteristic 
agitations  and  plaintive  cries,  the  pain  it  experiences  when  siA- 
mitted  to  strong  external  excitations:  i.e.,  when  its  leg  is 
squeezed  with  pincers  or  a  bare  nerve  is  excited.  If  the  pons 
itself  and  the  upper  part  of  the  medulla  are  now  destroyed,  the 
animal  at  once  ceases  to  respond  by  similar  cries  and  agita- 
tions." .  .  .  "An  animal  that  has  lost  its  pons  has  there- 
fore lost  a  center  for  the  perception  of  sensitive  impressions." 
The  gray  ganglionic  substance  of  the  pons  is,  we  have  seen,  a 
part  of  the  central  gray  matter  which  begins  in  the  posterior 
pituitary  body :  a  fact  which  suggests  that  the  latter  may  be  the 
seat  of  functions  now  ascribed  to  this  part  of  the  pons. 

Indeed,  these  instinctive  involuntary  acts  are  dominant  in 
the  entire  phylogenetic  scale  even  in  vertebrates  devoid  of  skull 
or  brain :  the  amphioxus,  for  example,  down  to  which  Andriezen 
traced  the  structures  which  ultimately  become  the  pituitary 
bodies.  It  is  difficult  to  conceive  of  an  inciting  and  governing 
efferent  impulse  from  the  posterior  pituitary  without  an  af- 
ferent impulse  conveying  to  it  the  needs  of  the  organ  to  be 
incited  to  activity  and  governed.  Duval  refers  to  weeping,  for 
instance;  tears,  we  have  seen,  are  brought  on  by  increased  cir- 
culation and  stimulation  of  the  cellular  elements  of  the  lacry- 
mal  glands;  what  is  this  but  functional  activity  enhanced  by 
impulses  to  the  posterior  pituitary — if  my  previous  conclusions 
are  at  all  warranted  ? 

True,  we  are  dealing  primarily  with  a  mental  phen6menon, 
but  this  only  proves  that  afferent  impulses  may  reach  the  poste- 
rior pituitary  from  the  cortex  of  the  hemispheres  as  they  can 
from  any  organ.  Nor  is  the  act  an  instinctive  one;  but  this 
fact  also  affords  supporting  testimony,  since  it  tends  to  show 
that  the  organ  is  not  only  influenced  by  impressions  of  a  purely 
reflex  kind,  or  connected  merely  with  organic  life,  but  also  by 
the  highest  form  of  nervous  action :  i.e.,  mentality.  What 
better  evidence  can  we  have  of  this  than  the  violent  cardiac 
action;  the  trembling;  the  involuntary  excretion  of  urine,  of 
faeces,  of  sweat;  or  even  the  sudden  arrest  of  the  heart,  all  of 
which  phenomena  may  attend  intense  fear,  and  all  due  to  loss 
of  control  hj/  the  posterior  piiiiiianj,  under  the  violence  of  the 
mental  impulses  over     .     .     .     muscular  tissue:    cardiac,  skele- 
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tal,  cystic^  intestinal^  and  sudorific?  To  this  list  I  may  add 
loss  of  control  over  all  vasoconstrictors^  since  we  have  leLaxa- 
tion  of  the  larger  internal  vascular  trunks,  central  engorge* 
ment,  in  virtue  of  the  principle — ^^^vessels  supplied  with  a  mus- 
cular coat  and  capillaries  are  mutually  antagonistic  in  contrac- 
tion and  dilation'^ — submitted  in  the  earlier  chapters  and  the. 
mechanism  of  which  we  can  now  understand.  Both  antag- 
onistic conditions  are  expressed  in  another  symptom  of  fear: 
i.e.,  intense  pallor^  the  lividity  of  Asiatic  cholera  and,  indeed, 
of  the  moribund.  Truly  instinctive,  however,  is  the  sudden  cry 
or  scream  brought  on  by  unexpected  pain:  evidently  the  result 
of  an  impulse  to  the  posterior  pituitary,  since  we  again  have  a 
series  of  muscular  actions  of  the  chest,  glottis,  etc.,  which  are 
necessary  for  the  cry.  Laughing,  sneezing,  coughing,  and  other 
kindred  acts  are  all  manifestations  of  motor  activity;  and  so  is 
vomiting  the  result  of  afferent  and  efferent  vagal  impulses, 
again  with  muscular  structures  as  the  mechanical  factors  and 
the  posterior  pituitary  as  inciting  and  governing  organ. 

And  a  striking  proof  of  this  is  furnished  by  the  fact  that 
these  manifestations  of  activity  not  only  prevail  in  a  frog  de- 
prived of  its  hemisplieres,  but  tliat,  if  the  animal  is  kept  alive 
and  in  good  healtli,  signs  suggestive  of  intelligence  appear. 
"For  days  or  even  weeks  after  the  operation,^'  says  Professor 
Fo-ter,  **tliere  may  be  no  signs  whatever  of  the  working  of  any 
volition;  but,  after  tlie  lapse  of  months,  movements,  previously 
absent,  of  such  a  character  as  to  suggest  that  they  ought  to  be 
called  voluntary,  may  make  their  appearance.  .  .  .  Even 
in  their  most  complete  development  such  movements  do  not 
negate  the  view  that  the  frog,  in  the  absence  of  the  cerebral 
lieinispheres,  is  wanting  in  what  we  ordinarily  call  a  Vill.'  *'  Nor 
need  they,  for  these  so-called  involuntary,  instinctive  acts  are 
dominant  even  in  vertebrates  devoid  of  skull  or  brain:  the 
amphioxus,  for  example,  down  to  which  Andriezen  traced  the 
structures  which  ultimately  become  the  pituitary  bodies. 

That  the  posterior  pituitary  is  a  discerning  organ,  and  one, 
at  that,  capable  of  simultaneously  subserving  many  functions, 
seems  very  probable.  Totally  independent  of  the  brain,  though 
its  servant  when  need  he,  it  appears  to  me  as  the  undoubted 
seat   of   the   many   centers — i,e,,  for   cardiac   action,   respira^ 


THB  CENTRAL  8BNS0RIUM.  601 

tion,  vasomotor  action,  sneezing,  coughing,  etc. — that  have  been 
located  in  the  medulla  oblongata.  True,  local  disease  or  trau- 
matism point  to  the  bulbar"  areas  concerned  as  ^'centers." 
But  if  the  bulb  is  given  the  role  which  I  believe  it  to  fulfill, 
— i.e.,  that  of  a  secondary  or  rather  subsidiary  consociating 
organ, — it  will  become  apparent  that  any  lesion  capable  of 
blocking  the  multitude  of  afferent  and  efferent  impulses  that 
traverse  it  at  all  times  and  which  represent  the  aggregate  of  the 
organisms  inciting  and  governing  energy  must  necessarily 
compromise  life  or  the  functions  of  an  organ  to  which  the 
blocked  nerves  are  distributed. 

I  have  expressed  the  belief  that  the  posterior  pituitary 
body  is  the  primary  co-ordinating  center — so  far  unidentified 
as  to  central  origin — of  the  s}Tnpathetic  system.  This  view 
has  not  only  been  sustained  by  the  analysis  of  the  functions  of 
the  various  organs,  but  it  seems  to  me  fully  to  coincide  with 
established  facts. 

As  Regards  Efferent  (Motor)  Impulses, — It  has  been  experi- 
mentally determined  that  all  fibers  that  originate  from  roots  in 
the  anterior  portion  of  the  cord  are  efferent:  i.e.,  transmit  motor 
impulses  from  the  cord  to  the  periphery.  Section  of  these 
fibers  causes:  in  muscles,  paralysis;  in  glands,  cessation  of 
secretion;  in  vessels,  dilation. 

Interpreted  from  my  standpoint,  these  morbid  phenomena 
are  accounted  for  as  follows:  As  the  active  functional  state  of 
any  organ  is  brought  on,  we  have  seen,  by  strictodilation  of  its 
arterioles,  i.e.,  constriction  of  their  vasa  vasorum  (that  attending 
the  passive  functional  state),  section  of  the  nerve  transmitting  the 
constrictive  impulses  brings  on  the  opposite  of  active  function, — 
i.e.,  paralysis, — or,  if  distributed  to  a  gland,  arrest  of  secretion. 
Although  the  same  impulses  serve  to  incite  and  govern  the 
cellular  activity  of  the  organ,  paralysis,  muscular  or  glandular, 
is  not  due  to  the  loss  of  these  two  functional  attributes,  since 
section  of  vagal  efferent  nerves,  which  only  incite  and  govern 
the  active  functional  state  beyond  tonic  contraction,  does  not 
cause  paralysis.  The  immediate  cause  of  the  latter  is  slowing 
of  the  blood-stream :  i.e.,  reduction  of  the  supply  of  oxidizing 
substance.  The  cellular  elements  lose  their  mechanical  energy 
and  can  no  longer  be  incited  to  action  and  governed.     The 
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intvhaiiical  enorg}*  l>i'ing  due  to  the  adrenoxidase  present,  it  is 
traceable  thnuigh  the  adrenal  system  to  the  anterior  pituiianf 
body,  while  the  inciting  and  governing  iniluenee,  being  of 
i-erehn>-!spinal  origin  through  the  anterior  root  severed,  is 
traiM-abK*  to  the  posterior  pituitary  body.  That  it  is  of  central 
ori^rin  is  shown  hy  the  fact  that  removal  of  the  pituitary  is  fol- 
lowo<l  hy  general  va.<o<lilation. 

('ontn)l  c\|)eriiiu*nts  are  represented  by  the  well-known 
facts  tliat  stiinuhitinn  of  an  anterior  root  causes  vasoconstric- 
tion and  increased  functional  activity,  and,  if  sufficiently 
stntng,  convulsive  niovcinents  of  muscles.  The  latter,  as  we 
have  rc})catcdly  seen,  are  due  to  excessive  oxidation  of  the 
muscular  dements — ci>mplemental  testimony  to  the  effect  that 
inadtHjuate  oxidation  is  a  primary  8ourc*e  of  paralysis  or  at 
least  of  functional   inhibition. 

I  have  previously  shown  that  the  bulbar  vasomotor  center 
and  the  cranial  nerves  that  possessed  motor  properties  occupied 
the  same  medullary  region:  the  upper.  As  general  motor 
iienes  j)ossess  vasomotor  properties,  the  reason  for  this  is 
obvious.  Again,  we  have  seen  that  the  cranial  nerves  which 
ac(|uire  motor  j)roj)ei-tics  by  anastomosis  were  grouped  in  the 
lower  ]>ortion  of  the  medulla.  The  entire  organ  thus  becomes 
a  conductor  for  general  motor  impulses,  whether  transmitted 
by  the  <ord  (as  indicated  by  the  general  vasodilation  incident 
upon  nuMlnlhiry  .^-ectinn)  or  by  cranial  nerves. 

AltlnMiirh  this  aiigregate  of  motor  areas  in  the  medulla 
rejinsent-  but  radiating  ])atlis  from  a  common  center,  the 
jjo-lcrior  pituitary  lobe.  ]>resent  concej)tions  as  to  their  dis- 
tribution— whether  to  the  extremities,  the  thorax,  the  cranial 
nerves,  etc. — or  their  anatomical  relations  with  the  hemispheres 
— the  cerebellum,  etc. — are  in  no  wav  modified.  All  we  need 
to  bear  in  mind,  and  as  will  be  shown  later,  the  sympathetic 
svsteni  is  not  an  autonomous  svsteni  of  nerves,  and  that  it  is 
a  subdivision  of  the  general  motor  system  originating,  like  all 
motor  nerves,  from  the  cord,  while  its  impulses  emanate  from 
the  j>iluitary. 

Summarized,  these   facts — wliicb   will   be  sup])lomented  by* 
evidence  in  the  second  volume — su^/gest  that,  irhilc  the  medidla 
ohhtuijnia  is  uti  iinporiant  ronsoviaiing  organ,  »7.*f  centers  receive 
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impulses  from,  and  are  controlled  and  co-ordinated   by,   the 
posterior  pituitary  body. 

Unlike  the  anterior  lobe,  wliich  governs  and  sustains  oxida- 
tion and  metabolism  through  the  adrenals,  however,  the  posterior 
lobe  is  not  necessary  to  life,  since  it  is  but  a  co-ordinating 
structure. 

As  Regards  Afferent  (Sensory)  Impulses. — It  has  likewise 
been  experimentally  ascertained  that  all  fibers  that  originate 
from  roots  in  the  posterior  portion  of  the  cord  are  afferent:  i.e., 
transmit  sensory  impulses  from  the  periphery  toward  the  cord. 
Section  of  these  roots  is  followed  by  loss  of  sensation. 

Interpreted  from  my  standpoint,  sensory  impressions  are 
similarly  transmitted  from  all  parts  of  the  organism,  and  the 
one  general  sensory  system  supplies  the  needs  of  all.  The 
nature  of  the  impulse  being  governed  by  the  specific  cellular 
characteristics  of  the  peripheral  structures  which  receive  the 
impressions,  whether  related  to  a  special  sense,  general  sensi- 
bility, variations  of  functional  activity,  etc.,  they  all  reach 
the  posterior  pituitary.  That  such  is  the  case  is  suggested 
by  the  fact  that,  while  frogs  deprived  of  the  hemispheres  ex- 
hibit typical  signs  of  continued  co-ordination  and  sensation, 
removal  of  the  bulb  then  causes  them  no  longer  to  show  these 
signs.  This  does  not  exclude  the  functions  of  subsidiary  cen- 
ters,— i.e.,  reflex  centers,  ganglia,  etc., — which  probably  serve 
as  accumulators  of  energy,  and  act  in  lieu  of  the  posterior 
pituitary  body  unless  the  i)eripheral  stimulation  exceed  their 
potential  as  to  the  efferent  energy  actively  used.  The  law  of 
generalization  of  Pfliiger, — i.r.,  propagation  of  (reflex)  impulses 
to  the  meduHa  under  excessive  excitation, — which,  according 
to  niy  view,  applies  to  the  j)ostt^rior  pituitiiry,  typifies  the 
maximum  efl'ect  produced  under  such  conditions,  and  further 
demonstrates  the  connection  between  the  periphery  and  the 
latter  organ. 

Control  experiments  are  represented  by  the  familiar  re- 
sults of  stimulation  of  the  dorsal  roots,  which  causes  augmenta- 
tion of  reflex  activities  and  of  conscious  sensations.  The  reflex 
inhibition  of  functional  activity  of  certain  organs  I  have 
ascribed  to  excessive  stimulation:  in  accord,  therefore,  with 
foregoing  facts.     This  affords  the  complementary  concordance 
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required  to  place  my  conception  of  the  fmictions  inyolyed  on 
a  Bolid  foundation. 

All  these  data  suggest  a  postulate^  the  importance  of 
which  must  be  emphasized:  i.e.,  the  identity  of  the  posterior 
pituitary  body  as  the  center  upon  which  all  emotions^  shock, 
etc.,  react,  and  as  the  organ  which  initiates  the  phenomena 
that  attend  the  impressions  thus  produced. 

That  this  organ  is  directly  or  indirectly  connected  with 
the  cerebrum  in  all  phenomena  pertaining  to  intelligence, 
reason,  and  will,  precisely  as  its  motor  functions— other  than 
the  purely  automatic  ones — ^may  be  dominated  by  these  higher 
manifestations  of  nervous  activity,  need  hardly  be  emphasized. 
"Sensory"  in  its  broad  sense,  from  my  viewpoint,  and  refers 
to  impressions  received  by  all  end-organs  endowed  with  sensa- 
tion, as  previously  stated.  Whether  these  first  reach  the  eye, 
the  ear,  the  cutaneous  surface,  the  gustatory  papillae,  the  olfac- 
tory area,  etc.,  or  be  due  to  traumatism,  surgical  procedures, 
an  abnormal  mental  state,  such  as  attends  fear,  grief,  or  other 
emotions,  etc.,  we  are  always  dealing  with  molecular  jarring 
of  the  posterior  pituitary  body:  harmless  when  slight,  patho- 
genic when  sufficiently  intense,  but  fatal  when  a  certain  limit 
is  reached.  Precisely  as  the  current  passed  through  the  region 
by  the  Weber  brothers  inhibited  the  heart,  so  can  fright,  in- 
tense pleasure,  or  shock  prove  fatal  by  inhibiting  the  heart, 
but  primarily  by  jarring  the  posterior  pituitary  body— or^ 
speaking  more  correctly,  by  inducing  excessive  molecular  vibra- 
tion of  its  elements. 

The  maximum  effect  of  shock  thus  becomes  an  arrest  of 
nervous  impulses  through  which  function  is  sustained  via  the 
cerebro-spinal  axis.  This  may  well  be  illustrated  by  the  de- 
scription given  by  Professor  Stewart  of  the  "various  phenomena 
which  are  grouped  together  under  the  name  of  shock"  as  ex- 
emplified by  section  of  the  cord.  "When  the  spinal  cord  of  a 
dog  is  divided, — e.g.,  in  the  dorsal  region, — all  power — all 
vitality,  one  might  almost  say — seems  to  be  forever  gone  from 
the  portion  of  the  body  below  the  level  of  the  section.  The 
legs  hang  limp  and  useless.  Pinching  or  tickling  them  calls 
forth  no  reflex  movements.  The  vasomotor  tone  is  destroyed, 
and  the  vessels  gorged  with  blood.     The  urine  accumulates. 
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overfills  the  paralyzed  bladder,  and  continually  dribbles  away 
from  it.  The  sphincter  of  the  anus  has  lost  its  tone,  and  the 
faeces  escape  involuntarily/^  I  hardly  need  to  emphasize  the 
fact  that  we  have  here  a  sunmiary  of  all  the  phenomena  which 
attend  loss  of  functional  activity :  of  those,  at  least,  I  ascribe  to 
the  posterior  pituitary  body. 

But  this  experimental  section  of  the  cord  was  also  chosen 
as  an  example  of  the  wonderful  resources  of  nature  when 
life's  fimctions  are  to  be  preserved.  "If  we  were  to  continue 
our  observations  only  for  a  short  time,  a  few  hours  or  days," 
continues  the  author,  "we  should  be  apt  to  appraise  at  a  very 
low  value  the  functions  of  that  part  of  the  cord  which  still 
remains  in  connection  with  the  paralyzed  extremities.  But 
these  symptoms  are  essentially^  temporary.  They  are  the  re- 
sults of  shock;  they  are  not  true  ^deficiency'  phenomena.  And 
if  we  wait  for  a  time,  we  shall  find  that  this  torpor  of  the  lower 
dorsal  and  lumbar  cord  is  far  from  giving  a  true  picture  of 
its  normal  state;  that,  cut  off,  as  it  is,  from  the  influence  of 
the  brain,  it  is  still  endowed  with  marvelous  powers.  If  we 
wait  long  enough,  we  shall  see  that,  although  voluntary  motion 
never  returns,  reflex  movements  of  the  hind-limbs,  complex 
and  co-ordinated  to  a  high  degree,  are  readily  induced.  Vaso- 
motor tone  comes  back.  The  functions  of  defecation  and  mic- 
turition are  normally  performed.  Erection  of  the  penis  and 
ejaculation  of  the  semen  take  place  in  a  dog.  A  man  with 
complete  paralysis  below  the  loins  and  destitute  of  all  sensa- 
tion in  the  paralyzed  region  has  been  known  to  become  a 
father  (Brachet).  Pregnancy  carried  on  to  labor  at  full  term 
has  been  observed  in  a  bitch  whose  cord  was  completely  divided 
above  the  lumbar  enlargement.'' 

How  can  the  return  of  functions — so  far  unexplained  by 
physiologists — ^be  accounted  for?  The  foregoing  data  suggest 
that  the  pituitary  should  be  the  organ  "shocked'^  by  the  opera- 
tion. Moreover,  removal  of  this  organ,  except  after  its  gradual 
destruction  by  disease,  produces  identical  effects.  Indeed,  the 
resumption  by  the  lower  and  dorsal  cord  of  its  normal  functions 
would  not  occur  if  the  path  from  the  pituitary  to  the  adrenals 
had  also  been  severed.  As  Goltz  and  Ewald  have  shown,  ani- 
mals deprived  of  their  cord  from  the  bulb  down  cannot  keep 
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wanu,  and  even  die  of  cold;  but  Ott  found  tiiat  this  did' not 
l)ap{>en  when  the  section  was  made  below  the  fifth  dorsal.  As 
this  rs  iininediately  below  tlie  region  where  tlie  pituitaro-adrenal 
nerves  leave  the  cord  to  enter  the  sympathetic  chain  and  thence 
pass  on  to  the  adrenals,  these  results  find  their  ready  explana- 
tion :  As  soon  as  the  posterior  pituitary  had  recovered  from  the 
shock,  it  resumed  its  influence  on  the  adrenals,  the  secretion 
of  whirli,  as  previously  shown,  endows  the  haemoglobin  with  its 
oxygenizing  constituent.  Metabolism — ^the  life  process — being 
resumed  in  tlie  severed  segment  of  the  spinal  cord,  its  normal 
functions  returned. 

It  seems  extraordinary  to  connect  the  adrenal^ — as  I  did  in 
11)03  in  the  j)resent  work — ^witli  fright,  anger,  traumatic  shock, 
etc. ;  and  yet  the  recent  experimental  work  of  Cannon  and  de  la 
Paz,**^  in  tlie  Harvard  laboratories  of  physiology,  has  demon- 
strati^nl  that  under  the  intluence  of  such  emotions  in  the  cat  the 
inferior  vena  cava  contains  an  excess  of  secretion.  Cannon  and 
lloskins**^*  also  state  in  this  connection:  *^he  similaritv  be- 
twe(Mi  surgical  shock  and  the  condition  of  an  animal  after  re- 
moval of  the  adrenal  glands  suggests  that  possibly  in  surgical 
shock  the  injury-  to  large  nerve  trunks  may  discharge  the 
adrenal  glands  to  such  a  degree  that  they  are  unable  to  continue 
their  normal  functioning.'' 

]f  to  all  this  he  added  the  fact  that  the  manner  in  which 
violent  cniotior.s,  fright,  trauma,  shock,  etc.,  provoke  various 
diseases,  exophthalmic  goiter,  railway  spine,  and  concussion, 
for  instance,  it  seems  jirohahle  that  the  posterior  piixdiary  body, 
as  the  most  hitjhli/  o-rgnntzcd  ngnregate  of  somatic  nerve-centers, 
is  the  organ  upon  which  aU  shocl's — phj/sicaj,  i.e.,  cerebral  or 
tranmatic — react. 

Illustrative  alt^o  of  the  role  of  shock,  physical  and  mental, 
in  the  production  of  disease  is  acromegaly.  Fully  20  per  cent, 
of  these  cases  are  due  to  some  form  of  accident,  often  falls  upon 
the  liead.  It^  syndrome,  better  than  any  other  disease,  shows, 
from  my  viewpoint,  the  relationship  between  the  pituitary  and 
the  body  at  large.  Hence  its  presence  at  the  end  of  the  present 
chapter. 

«»  Cannon  and  de  la  Paz:    American  Journal  of  Physiology,  April  1,  191X. 
«■  Cannon  and  Hoskins:    J  bid.,  April  and  December,  1911. 


ACROMEGALY.  607 

ACROMEGALY:    PIERRE  MARIE^S  DISEASE,  AND  GIGANTISM. 

The  first  question  that  imposes  itself  in  this  connection  is 
whether  the  pathogenesis  of  this  disease  of  the  pituitary  body 
must  be  based  upon  the  prevailing  belief  that  this  organ  is  a 
secreting  gland  or,  as  I  believe,  upon  its  identity  as  a  co- 
ordinating center  which  includes,  among  its  functions,  that  of 
governing  the  secretory  activity  of  the  adrenals  and  thyroid 
apparatus. 

I  have  already  urged  that  the  prevailing  opinion  that  the 
pituitar}'  is  a  secreting  gland  has  so  far  remained  unproven, 
while  every  item  of  evidence  brought  in  favor  of  this  view  can  be 
shown  to  be  questionable  as  such.  The  main  argument  in  its 
favor  is  that  extracts  of  its  posterior  lobe  can  produce  vaso- 
motor phenomena;  but  this  fact  loses  its  value  in  the  presence 
of  WieselV*  demonstration  that  this  lobe  is  rich  in  chromaffin 
substance,  i.e.,  in  adrenal  principle.  That  under  these  conditions 
its  extracts  should  give  rise  to  the  same  phenomena  as  the  latter 

* 

is  plain.  To  enumerate  these  phenomena  is  to  rehearse  all  those 
that  were  credited  to  the  secretion  of  the  adrenals  in  the  second 
chapter  by  the  many  investigators  cited  therein.  Thus, 
Mairet  and  Bosc"'  found  in  189G  that  subcutaneous  injecticms  of 
pituitary  extract  caused  a  rise  of  temperature  which  lasted 
a  couple  of  lionrs.  An  intravenous  dose  produced  marked 
myosis,  slowing  of  tlie  respiration,  powerful  cardiac  heaths,  and 
hypertherniiii  as  main  si<rns,  the  animals  recovering,  however. 
Schiifer  and  Vincent'"'"  then  found  that  pituitary  substance  raised 
the  b^ood-j>ressuro,  and  that  this  su])stancc  when  applie<l  to 
mucous  nionibram*  caused  blanching,  as  is  the  case  when  a 
solution  of  adrenalin  is  applied.  They  also  noted  that  in  small 
mammals  it  cniised,  in  toxic  doses,  paralytic  symptoms  which 
they  also  consider  analogous  to  those  caused  by  adrenal  extracts. 
According  to  Jas.  Barr,"'  ))ituitary  extract  actively  produces 
arteriosclenxi-i,  and  it  is  also  known  to  ])roduce  glycosuria. 
Finally,  Ilallion  and  Carrion,  studying  its  lheraj)eutic  action, 
found  that  j»itiiilary  extracts  **al\vays  produced  their  (»ITects  by 


•*W*i*'SpI:      Iiitcrnntional    Clinics,    vol.    11.    l.'th    sorics.    1905. 
<»  Mjilnt  and  Hosr:     Anh.  de  physiol..  p.  b<M).  ISIHI. 
•"Schiifer  ami  Vincent:     Jour,  of  rbyslol.,  vol.  XJtv,  p.  87,  1899. 
•'  Barr:     Laiutt,  Nov.  13,  LVjy. 
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raising  the  arterial  tension.**  In  other  words,  it  awakens  all 
the  ty])ical  phenomena,  physiological  and  pathological,  to  which 
the  adrenal  product  gives  rise. 

Twelve  other  general  facts,  covering  a  wide  scope  of  research 
in  the  domain  of  various  branches,  submitted  on  page  510,  also 
indicate  that  the  pituitary  is  not  a  secreting  organ. 

Again,  if  the  pituitarj*  body  were  the  source  of  an  internal 
secretion  its  removal,  as  has  been  repeatedly  done  in  recent  years 
by  H(K>henegg,  Cushing,  and  others  for  tumors,  should  prove 
harmful  if  not  fatal,  as  is  the  case  when  the  thyroid  apparatus 
or  the  adrenals,  which  we  know  to  be  the  source  of  internal 
Fccretions,  are  removetl.  But  such  is  not  the  case.  If,  on  the 
other  hand,  the  pituitary  is  considered,  with  me,  as  a  co-ordinat- 
ing center  supplied  with  subsidiary  centers  in  the  bulb,  which 
centers  could  nonnally  assume  its  fupctions  gradually  as  the 
cliief  center  is  being  destroyed,  we  can  readily  understand  how 
a  degenerated  and  useless  pituitary  can  be  removed  with 
impunity. 

Twenty-six  years  have  elapsed  since  Pierre  Marie  identified 
acromepily  with  the  pituitary,  and  it  must  be  admitted  that 
the  secretory  theorj'  has  served  but  little  if  anything  to  elucidate 
its  pathogenesis.  Indeed,  notwithstanding  the  painstaking 
labors  of  many  distinguished  observers,  George  Dock'*  could  but 
write  of  it  recently  (1J>11)  :  "Acromegaly  is  c.osely  associated 
with  disease  of  the  i>ituitary  body,  but  the  alterations  reported 
by  various  observers  have  been  interpreted  so  differently  that  it 
is  still  uncertain  just  wliat  the  true  relation  is.^'  The  semeiology 
of  the  disease  and  its  pathology  have  been  raised  quite  to  the 
liigh  level  of  diseases  that  have  had  the  benefit  of  centuries* 
analysis;  but  the  relation  between  the  seat  of  lesion  and  the 
clearly  defined  external  phenomena  of  the  disease  still  belong 
to  the  domain  of  conjecture.  Will  my  interpretation  of  the 
functions  of  the  pituitary  body  prove  more  fruitful  in  results? 
All  that  is  claimed  for  it  is  that  it  offers  a  field  for  new  lines  of 
thought. 

Pathogenesis  and  Symptomatology. — Tamburini**  has 
shown,  after  an  analysis  of  twenty- four  cases  in  which  autopsies 


•Dock:     MuBser  and  KoUy:     "Practical  Treatment,"  p.  853,  1911. 
•*Tamburinl:     RIv.  Sper.  dl  Fren..  p.  6G9.  1894,  and  p.  414.  1896. 


ACROMEGALY.  609 

had  been  made,  that  '^in  all  typical  cases  of  acromegaly  a  growth 
of  the  pituitary  prevailed,  but  that  there  was,  at  first,  hypertrophy 
of  the  gland,  with  exaggeration  of  its  functions,  and,  later  on, 
abolition  of  these  functions/'  a  view  in  which  Harlow  Brooks,^" 
after  a  painstaking  study  of  the  whole  subject,  concurs.  These 
and  other  facts  I  will  submit  below  have  suggested  the  advis- 
ability of  dividing  the  disease  into  two  stages,  the  first  represent- 
ing the  ascending  period  of  the  disease  in  the  sense  of  exag- 
gerated nutrition,  terming  it  the  sthenic  stage,  and  to  add  thereto 
another  stage  representing  the  period  of  decline,  as  was  done  in 
other  diseases  of  the  ductless  glands,  namely,  the  asthenic  stage. 
This  will  make  it  possible  to  identify  the  meaning  of  each 
symptom,  and  also,  perhaps,  to  suggest  more  effective  remedial 
measures  than  those  now  employed. 

The  characteristic  phenomena  of  acromegaly  have  naturally 
established  it  as  a  disease  of  nutrition,  as  foundation  for  the 
many  theories  that  have  been  advanced  to  explain  its  patho- 
genesis. To  account  for  its  symptoms,  therefore,  through  organs 
such  as  the  thyroid  and  adrenals,  to  which  I  have  attributed 
such  leading  functions  in  oxidation  and  nutrition,  must  a  priori 
seem,  to  say  the  least,  reasonable.  Again,  the  identity  of 
the  pituitary  body  as  the  starting  point  of  the  disease  has 
been  demonstrated  by  Marie  and  many  other  observers  since. 
If,  therefore,  exaggeration  of  function  is  followed  by  abolition  of 
function,  another  established  fact,  we  have  seen,  we  are  brought 
to  the  logical  conclusion  that  the  diseased  pituitary  first  excites 
the  th}Toid  and  adrenals,  which,  as  I  have  shown,  provoke 
hyperthyroidia  and  exophthalmic  goiter,  and  also  hyperadrenia, 
and  that  it  subsequently  depresses  these  same  organs,  bringing  on, 
to  a  more  or  less  marked  degree,  the  opposite  states:  hypothy- 
roidia,  myxcedema,  and  Addison's  disease  or  its  milder  prototype 
hypoadrenia.  Interpreted  from  this  viewpoint,  then,  the  disease 
might  be  defined  as  follows : — 

Acromegaly  is  a  disease  of  nutrition,  due  to  any  condition, 
hyperplasia,  neoplasm,  etc.,  of,  or  any  pressure  upon,  the  pitui- 
tary body,  capable  of  primarily  exciting  abnormally  this  organ, 
and  then  of  progressively  annulling  its  functions,  and  also,  there- 
fore, those  of  the  organs  it  controls,  viz.,  the  adrenals  and  thyroid 

^  Harlow  Brooks:    Arch,  of  Neurol,  and  Psychopath.,  vol.  i.  No.  4,  1898. 
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overactive  by  the  irritated  pituitary.  Here,  therefore,  the  con- 
nection is  with  excessive  activity  of  the  adrenals,  such  as  adrenal 
hypernephromas  furnish.  Now,  Owen  Bichards^^  describes  such 
a  case  in  a  girl  of  7  years,  **who  was  as  tall  as  a  person  of  20." 
Tileston  and  Wolbach,^*  referring  to  this  type  of  cases,  state  that 
"they  are  obese  and  abnormally  large  for  their  age,  a  child  of  5 
years  having  the  size  and  general  appearance  of  a  boy  of  16 
(Linser^s  case).  Pigmentation  of  the  skin  may  occur,  but  the 
color  is  more  like  that  of  a  brunette  than  like  the  bronzing  seen 
in  Addison's  disease.  The  intellect  is  dull  and  the  disposition 
sullen.  Appetite  and  sometimes  thirst  are  increased,  and  vomit- 
ing is  likely  to  be  an  obstinate  feature"  ...  As  these 
phenomena  occur  as  the  result  of  an  excess  of  an  adrenal  tissue, 
however,  the  body  growth  might  only  occur  solely  as  an  effect 
of  such  a  surplus  of  adrenal  secreting  tissue;  but  that  normal 
adrenals  under  stress — ^as  they  are  in  acromegaly — are  capable 
of  producing  it,  is  well  shown  by  the  additional  statement  of 
Tileston  and  Wolbach%  that  "in  three  instances  (Otto,^* 
Crecchio,®"  Marchand®*)  premature  development  has  been  asso- 
ciated with  simple  hyperplasia  of  the  adrenal  glands." 

We  thus  have  functionally  overactive  the  two  organs  known 
to  stimulate  growth  by  their  secretions:  the  adrenals,  we  have 
just  seen,  and  the  thyroid,  as  illustrated  by  its  influence  on 
body  growth  in  the  treatment  of  cretinism;  and  if,  as  Meige 
wrote:  "Gigantism  is  the  acromegaly  of  the  growing  period, 
while  acromegaly  is  the  gigantism  of  the  period  of  completed 
development,"  these  two  organs,  beyond  doubt,  account  for  the 
morbid  growths.  When  to  this  we  add  the  recognized  fact  that 
the  thyroid  apparatus  influences  calcium  metabolism,  we  have 
all  the  factors  necessary  to  trace  the  most  characteristic  phenom- 
enon of  the  disease:  the  progressive  enlargement  of  the  bones 
and  soft  tissues,  to  its  source.  Marie  restricted  his  conception  of 
the  disease  to  enlargement  of  the  extremities  (hence,  &xpov^ 
extremity,  bhA  (i^ag^  large),  but,  besides  these,  the  bones  of 
the  skull,  face,  arms,  and  legs,  the  spinal   column,   scapula;, 


"Richards:     Oot'i  Hospital  Reports.  toI.   Hz.  p.  217.  1906. 

*  Tileston  and   wolbach:     Amer.   Jonr.   Med.   Sd.,   June.   1908. 

» Otto:    *'Path.  Anat.."  p.  lat,  iSU.    Cited  by  Tileston  and  Wolbach.  IMd. 

**Crecchio:  Wien.  mod.  Prcsse,  N.  90.  p.  783.  Cited  by  Tileston  and 
Wolbach.  ibid. 

»  Marchand:  Beltr.  siir  Wiasefish.  Med..  B.  f.  1891.  Cited  by  Tileston  and 
Wolbach.  Ibid. 
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clavicles^  and  the  ribs  are  also  caused  to  grow,  increasing  the 
stature  iu  the  young  and  building  upon  giants,  but  causing 
deformities  (projection  anteriorly  and  postmorly  of  the  thoracic 
cage — of  which  the  double  hump  of  Punch  or  Punchinello  is 
the  tyi)c — in  some)  in  adults.  The  soft  tissues  over  the  entire 
body  are  no  less  ovemourished ;  the  enormous  hands  and  feet^ 
the  hypertropliiod  nuisclea,  which,  notwithstanding  their  great 
bulk,  are  weak,  and  the  hypertrophied  heart>  scalp,  face,  lips, 
tongue,  penis,  etc.,  bear  witness  to  this  fact. 

Side  by  side  with  this  morbid  growth  we  witness,  more  or 
less  marked,  the  oUier  plienomena  of  thyro-adrenal  activity. 
There  is  al)nornial  demand  for  food;  indeed,  bulimia  is  con- 
sideretl  by  Hinsdale*'^  as  "one  of  the  characteristic  signs  of 
acromegaly*' — a  fact  which  points  to  exaggerated  metabolism. 
Thirst  is  also  marked  in  some  cases  "out  of  all  proportion  tg 
even  the  extraonlinar}-  size  of  the  subjects,'*  says  the  same 
writer,  a  symptom  which  he  connects  "with  the  glycosuria  present 
in  many  cases."  But  here,  also,  we  are  dealing  with  a  promi- 
nent symptom  of  exophthahnic  goiter,  and  also  of  adrenal  ove^- 
aittivity,  since,  as  shown  by  Blum,  Ilerter,  Croftan,  and  others, 
injections  of  adrenalin  produce  it.  So  marked,  in  fact,  is  the 
connection  bctwcM?n  acromegaly  and  exophthalmic  goiter  and 
glycosuria  that  it  has  attracted  attention.  Lorand,**  for  in- 
s^tiuice,  observed,  independently  of  my  views,  tliat  there  was  an 
intimate  relationship  between  these  disorders;  that  similar 
conditions:  fevers,  traumatisms,  shock,  etc.,  brought  all  three 
on;  that  polyuria,  polydipsia,  polyphagia  were  also  met  in  all. 
1  n  all  three  also  more  or  less  pronounced  swelling  of  tlie  thyroid 
occurred,  having  himself  noted  it  in  diabetes.  Launois  writes 
in  this  connet^tion :  "Whether  we  adopt  the  view  of  Loeb, 
involving  pressure  changes,  or  tJiat  of  Sajous,  relative  to  nervous 
irritation  [transmitted  to  the  thyroid,  adrenals,  etc.],  however, 
the  presence  of  an  intermediary  is  further  required  for  the 
production  of  glycosuria.  According  to  some,  this  intermediary 
factor  is.  the  pancrea*s;  in  the  opinion  of  Gilbert  and  his  fol- 
lowers, it  is  the  liver  which,  under  these  conditions,  becomes  func- 
tionally overactive;  according  to  Sajous,  it  is  the  adrenals,  to 


'"Hinsdalo:     Lor.   rii.,   p.    27. 

"Loraud:    La  Presae  m^dicale,  Sept.  19,  1903. 
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which  he  traced  nerves  from  the  pituitary."  Here,  again,  my 
views  harmonize  those  of  others:  the  adrenal  secretion,  by 
enhancing  general  metabolism,  increases  the  functional  activity 
of  the  pancreas  and  thereby  the  production  of  amylopsin;  the 
hepatic  glycogen  is  then  converted  by  this  ferment  into  glucose 
at  an  abnormal  rate,  producing  glycsemia  and  glycosuria. 
Hence,  it  is  by  exciting  the  adrenals  that  the  pituitary  in  acro- 
megaly causes  glycosuria.  The  circulatory  phenomena  include, 
we  have  seen,  tachycardia  where  other  signs  of  exophthalmic 
goiter  prevailed.  Others  have  noted  a  "paradoxical  acceleration  of 
the  pulse."  The  "frequent  and  copious  sweating,"  the  tremors, 
the  cramps,  paraesthesias,  tingling,  shooting  pains,  due  to  circula- 
tory disturbances  in  the  neurons,  sensory  endings,  etc. ;  dyspnoea, 
the  anomalies  of  tastes,  the  tinnitus  aurium,  are  all  symptoms  of 
acromegaly  common  to  exophthalmic  goiter.  Both  often  give 
a  histoiy  of  rheumatic  pains  and  occasionally  symptoms  of 
unbalanced  mind,  especially  delusions  of  fear  or  maniacal  excite- 
ment. Conversely,  in  both  diseases  the  patient  may  lapse  into  a 
condition  of  melancholia.  In  both,  also,  are  witnessed  the 
brand  of  adrenal  overactivity,  a  swarthiness,  or  dirty  yellowish- 
brown  hue  of  the  skin,  more  marked  in  some  parts  than  otRers. 

Passing  to  the  asthenic  stage,  the  connection  with  myxoe- 
dema  as  to  failure  of  thyroid  functions,  and  with  Addison's 
disease  as  to  adrenal  insufficiency,  is  quite  as  clearly  defined. 
"Myxoedema  may  form  part  of  the  hypophysial  syndrome," 
writes  Launois.  "From  the  observation  of  Norman  Dalton**  to 
that  of  Sainton  and  Rathery®'^  a  large  number  of  cases  have  been 
reported  which  support  the  view  that  this  combination  can 
o(?tur." 

The  functional  relationship  between  the  pituitary  and  the 
thyroid  is  well  sliown  by  the  case  of  myxoedema  reported  by 
Sainton  and  Rathery,  just  referred  to,  in  which  the  pituitary  had 
been  destroyed  by  a  malignant  growth,  while  the  thyroid, 
adrenals,  and  ovaries  were  atrophied.  Here  the  period  of 
growth  of  the  tumor  had  evidently  caused  excessive  activity — 
hypeneraia — of  the  other  organs  and  finally  their  functional 
destruction  by  atrophy,  with  myxoedema  as  a  result.    Other  cases 


•*Dalton:    Lancet,  Nov.  6,  1897. 

■*  SaintoD  and  Rathery:     Soci6t6  m^dicale  dcs  HOpitaux,   May,  1898. 
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of  the  latter  in  which  the  pituitary  was  destroyed  haye  been 
reported. 

Strikingly  suggestive  in  this  connection  is  a  case  of  myxce- 
deina  reported  by  Adanii/*  in  which  there  was  cancer  of  the 
pituitary,  while  the  thyroid  was  normal.  This  shows  plainly 
that  it  was  to  the  absence  of  the  impulses  from  the  pituitary  that 
the  hyj)othyroidia  was  due.  When,  therefore,  in  acromegaly,  the 
pituitary  loses,  by  gradual  degeneration,  its  power  to  excite  the 
thyroid,  hyjmthyroidia  occurs,  while  the  general  tissue  hyper- 
trophy renuiins  over  from  the  sthenic  period.  The  general  signs 
of  exophthalmic  goiter  are  then  gradually  replaced  by  those  of 
niyxcjcdenia,  though  the  s\Tnptom-comp'.ex  of  the  latter  is  some- 
what obscured  by  the  physical  changes  remaining  over  from  the 
first  stage;  still,  cases  of  acromegaly  have  been  reported  in  which 
the  myxoedematous  symptoms  were  sufficiently  marked  to  war- 
rant the  conclusion  that  the  two  diseases  were  associated. 
Lyman  Greene,^^  Auerbach,'*®  and  others  have  reported  such 
cases. 

The  phenomena  of  hypothyroidia  and  its  progressive  form 
myxoedema  both  include,  we  have  seen,  hypothermia.  **A  no  less 
singular  manifestation,^^  writes  Launois,*®  referring  to  acromeg- 
aly, ''is  lowering  of  the  internal  temj^erature,  which,  in  a  patient 
of  Bartels,  remained  for  weeks  at  a  time  between  31**  and  36**  C. 
i^y-i^/ji^  and  DGVg®  F.)  without  the  supervention  of  any  sign  of 
(ollapse.  The  same  phenomenon  has  been  witnessed  by  Petrina. 
In  a  case  reported  ])y  Gotzl  and  Erdheim,®*  the  temperature 
fluctuated  for  three  weeks  between  35°  and  36®  C.  (95**  and 
9675°  F.),  later  falling  to  33°  C.  (OIV^®  F.)  It  would  be 
rather  difficult  at  the  present  time  to  explain  the  origin  of  such 
disturbances,"  continues  Launois;  "we  shall  merely  point  out 
their  similarity  to  the  phenomena  observed  in  myxoedema,  in 
which  disorder  the  temperature  often  fluctuates  between  33° 
and  35**  C.  (927^0°  to  95**  F.)  and  sometimes  even  falls  below 
these  figures.^^  This  symptom  is  no  paradox  when  interpreted 
from  my  viewpoint,  since,  as  I  have  shown,  the  pituitary  governs 


""Adami:    Trans.  Cong,  of  An\er.  Pbya.  and  Surg.,  p.  114,  1897. 
<^  Lyman  Greene:     N.  Y.  Med.  Jour..  Oct.  21,  1906. 
••Auerbach:    Wiener  kiln.  Woch.,  Feb.  10.  1907. 

**  Launois:    Monthly  Cyclopicdia  and  Medical  Bulletin,  Jan.  and  March.  1911. 
*>Gdtzl    and   Brdhelm;     Zeltscbr.    f.    Hellkunde,    vol.    xxvl;     Intern.    Med.. 
372,  1906. 
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the  thjrroid  apparatus,  while  the  adrenals,  in  turn,  sustain  tissue 
oxidation,  and  therefore  the  body  heat. 

"Unusual  sensitiveness  to  cold,'^  mental  and  physical  torpor, 
and  marked  asthenia  are  also  typical  signs  of  hypothyroidia  and 
hypoadrenia  approximating  Addison's  disease.  Facial  oedema 
and  even  the  moon  face  of  hypothyroidal  infantilism  may  be  wit- 
nessed, as  in  Glaser's  case,*^^  though  the  deformities  of  the  face, 
the  prognathism,  the  projecting  brows,  mainly  due  to  the  osseous 
overgrowth  of  the  sthenic  stage,  tend  to  conceal  the  myxoedema- 
tous  signs  in  this  region.  There  is  often  marked  accumulation 
of  fat,  giving  no  oederaatous  pitting,  and  presenting  the  resist- 
ance to  pressure  as  in  myxoedema.  This  can  evidently  be  of 
pituitaral  origin ;  in  a  case  reported  by  Madelung,®^  for  example, 
a  shot  in  the  infundibulum  was  followed  by  marked  obesity. 
Indeed,  Frohlich  and  Launois  have  elaborated  syndromes,  since 
sustained  by  numerous  cases,  in  which  adipose  overgrowth  is 
directly  connected  with  neoplasms  of  the  pituitary.  There  is 
good  ground  for  the  belief  also  that  Dercum's  disease,  adiposis 
dolorosa,  is  primarily  due  to  disorders  of  the  pituitary.  That 
thyroid  gland  is  used  as  a  remedy  for  obesity  is  known  to  every 
one;  that  obesity  should  occur  when  the  thyroid  apparatus  is 
rendered  deficient  through  inhibition  of  its  center — the  pituitary 
— by  disease  is  self-evident. 

Dilated  veins,  as  in  the  infantilism  of  hypothyroidia,  are 
commonly  observed  in  acromegaly,  though  these  may  occur  as  a 
remnant  of  the  sthenic  stage.  Suppression  of  sexual  desire  and 
impotence  and  amenorrhcea,  rheumatic  pains,  neuralgia,  are  also 
common,  as  in  hypothyroidia.  A  painful  form  has  been  identi- 
fied which  "may  assume,"  says  Launois,  "the  rheumatoid  type 
when  it  becomes  localized  in  a  certain  group  of  joints" — ^a 
sentence  which  reminds  us  vividly  of  the  labors  of  Ticopold-Tjevi 
and  de  Kothschild,  referred  to  under  hypothyroidia.  As  in 
myxoedema  we  may  also  meet  with  various  forms  of  delirium, 
delusions  of  persecution,  mystery,  and  the  manic  depressive 
psychoses,  and  even  with  epileptic  seizures.  These  are  mainly 
due,  as  T  have  sho\^Ti,  to  the  accumulation  of  toxic  wastes  in  the 
blood  incident  upon  the  inhibition  of  the  antitoxic  functions — 

•*  Olaser:    Vlrchow'g  Archlv,  B.  cxxli,  p.  389,  1890. 

"MadeluDg:    Langenbeck'B  Archiv  fUr  klin.  Cbir.,  Ixxiii,  p.  1066,  liKM* 
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a  result,  in  turn,  of  the  deficient  activity  of  the  three  organs 
which,  from  my  viewpoint,  take  an  active  part  in  the  process,  the 
pituitary,  the  thyroid  apparatus,  and  the  adrenals. 

The  implication  of  the  adrenals  in  acromegaly  has  been 
referred  to  in  connection  with  the  sthenic  stage — ^that  of  over- 
growth. In  the  asthenic  stage  we  witness  the  effects  of  their 
functional  decadence.  "Small  freckles  are  frequent,"  writes 
Pirie,"^  referring  to  a  personal  case;  "patches  of  a  yellowish 
hronzing  occur  on  the  face,  the  chest,  and  the  insides  of  the 
thighs.  (Motais  describes  a  bronzing  such  as  occurs  in  Addison's 
disease.)  .  .  .  The  patient  suffers  from  a  brownish  sebor- 
rhea, especially  troublesome  in  the  scalp.  The  hair  is  thick  and 
coarse.  Palpitation  and  fainting  fits  occur  often.  Dyspnoea  and 
asthmatic-like  attacks  occur,  during  which  the  patient  has  to  sit 
up  in  bed  and  fight  for  her  breath,"  attesting  to  marked  insuffi- 
ciency of  the  adrenals  in  the  respiratory  process.  Harlow 
Brooks**  also  writes,  "macroscopically,  the  skin  in  these  areas  is 
considerably  thickened ;  the  surface  is  rough  and  often  fissured. 
A  general  brownish  pigmentation  is  present  in  the  average  case, 
which,  at  times,  strongly  resembles  that  found  in  Addison's 
disease."  But  the  signs  of  myxoedema  are  again  apparent  in  the 
remark  by  Pirie,  that  the  skin  of  the  eyelids  was  "thickened  and 
pufTy,"  tliere  being  also  increased  lachrymation  and  "a  colloid 
secretion  between  the  eyelids" — the  typical  "watery  eyes"  of 
mvx(rdcma. 

The  8}Tnptomfl  that  belong  to  the  domain  of  the  pituitary 
proper,  ue.,  tliose  wliich  are  not  brought  about  through  the 
agency  of  the  thyroid  and  adrenals,  are  the  ophthalmic  disorders, 
including  progressive  amblyopia,  amaurosis,  hemianopsia,  etc., 
the  result  in  turn  of  pressure  by  the  enlarged  pituitary  upon  the 
optic  tracts,  the  chiasm,  optic  nerves,  etc.  That  the  headache, 
poinetiines  extremely  severe,  from  which  these  patients  may  suffer 
is  also  due  to  pressure  is  probable,  tliough  we  must  remember 
that  it  may  also  occur  during  the  early  or  sthenic  stage  of  the 
disease,  and  may  then  be  due  to  increased  intracranial  tension. 

Pathology. — The  prevailing  view,  at  the  present  time,  is 
that  of  Marie,  which  ascribes  the  disease  to  a  secretion  of  the 


•■  PIrIc:    London  Lancet,  Oct.  5,  1901. 
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gland.  We  have  now  seen,  however,  that  there  is  considerable 
evidence  to  the  contrary,  i,e.,  in  favor  of  my  own  view,  that  it  is 
through  the  adrenals  and  thyroid  mainly  that  the  characteristic 
phenomena  of  the  disease  are  produced.  Marie's  original  idea 
that  the  disease  is  due  to  disease  of  the  pituitary  is  strongly 
sustained  by  my  views,  however,  though  still  a  matter  of  doubt 
among  a  few  observers. 

An  important  feature  of  the  whole  question  is  the  predilec- 
tion of  the  pituitary  body  for  sarcoma,  though,  as  suggested  by 
Tamburini,  Benda,  Mendel,  and  others,  many  of  these  sarcoma- 
like  tumors,  on  close  histological  differentiation  by  means  of 
appropriate  stains,  proved  to  be  examples  of  hyperplasia  or 
adenoma,  in  which  the  destructive  process  does  not  proceed  with 
as  great  rapidity  unless  the  adenoma  be  malignant,  which  is  fre- 
quently the  case.  This  accounts  for  the  fact  that  in  many  cases, 
particularly  in  women,  the  progress  of  the  disease  seems  to  be 
rapid,  the  asthenic  stage,  that  characterized  by  hypothyroidia  and 
hypoadrenia,  coming  on  before  the  typical  acromegalic  changes 
and  overgrowths  have  had  time  to  advance  materially.  This 
probably  corresponds  with  Parona's  figures,  which  indicate  that 
sarcoma  or  adenosarcoma  is  present  in  64.5  per  cent,  of  all  cases. 

That  adenoma  of  the  pituitary  frequently  occurs  without 
giving  rise  to  signs  of  acromegaly,  or  in  fact  to  any  symptoms, 
has  been  shown  by  Lowenstein.  But  we  must  not  overlook  the 
fact  that  many  faces  among  the  multitudes  show  marked 
evidences  of  overactivity  of  the  pituitary  at  a  given  time  of  their 
existence.  I  have  had  occasion  to  treat  a  young  man  6  feet  2 
inches  tall,  in  whom  the  prominent  orbits,  nose,  and  chin  clearly 
indicate  temporary  hyperactivity  of  the  pituitary.  The  same 
phenomena,  though  far  more  marked  as  to  facial  deformi- 
ties than  in  the  preceding  case,  were  also  observed  in  an  average- 
sized  woman  by  liCopold-Levi,  who  pointed  her  out  to  me  at  the 
Kothschild  clinic  in  Paris. 

That  children's  diseases  are  frequently  the  source  of  tempo- 
rary hyperplasia  of  the  anterior  lobe  of  the  pituitary,  I  have  no 
doubt.  This  sustains  the  personal  view,  treated  at  length  in  the 
second  volunie,  that  this  lobe  and  th^  pars  intermedia  are  mainly 
concerned,  as  a  sensory  organ,  with  the  defense  of  the  organism 
at  large  against  disease. 
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Treatment. — Launois,  referring  to  the  cases  in  which 
Hochenegg  removed  the  pituitary,  states  that  "the  progressive 
retrogression  of  the  manifestations  of  acromegaly  witnessed  after 
excision  of  hypophysial  tumors  affords  an  argument  of  the  first 
importance  in  favor  of  tlie  theory  of  glandular  hypersecretion/' 
From  my  viewpoint,  it  affords  a  no  less  strong  argument  in 
favor  of  my  view,  since  by  removing  the  pituitary  Hochen^g 
arrested  the  cause  of  the  overstimulation  of  the  thyroid  appara- 
tus and  adrenals,  to  which  the  disease  is  due.  Indeed,  the  latter 
view  is  the  stronger,  since  the  actual  existence  of  a  secretion  from 
the  pituitary  is  still  a  matter  of  conjecture,  while  the  existence 
of  the  thyroparathyroid  and  adrenal  secretions  is  beyond  question. 

The  treatment  of  the  disease  has  been  necessarily  restricted 
to  symptomatic  measures,  and  to  the  promiscuous  use  of  organic 
preparations.  The  foregoing  pages  indicate  that  such  should 
not  be  the  case,  and  that,  whatever  use  is  made  of  the  latter,  they 
should  always  be  carefully  adjusted  to  the  stage  in  which  they 
are  indicated.  As  stated  by  Dock,''  "pituitary  glands  and 
extract  have  not  produced  definite  improvement.  The  same 
may  be  said  of  thyroid  treatment  which  has  often  appeared  to 
make  the  symptoms  worse."  It  is  self-evident  that  in  cases  in 
the  sthenic  stage  with  the  hyperthyroidia  approximating,  if  not 
actually  reproducing,  exophthalmic  goiter,  and  the  blood  already 
replete  with  thyroid  secretion,  the  addition  of  thyroid  gland  to 
it  cannot  but  prove  hanuful.  But  in  a  case  such  as  Sears's,'*  in 
which  the  asthenic  stage — which  may  appear  early  in  women — 
was  present,  with  signs  of  hypoadrenia,  a  puffy  and  mask-like 
face,  dry  and  coarse  hair,  etc.,  with  brown  patches  and  asthenia 
denoting  hypoadrenia,  especially  where,  as  the  author  specifies, 
"the  thyroid  could  not  be  felt,"  considerable  benefit  can  be 
obtained  under  thyroid  treatment.  In  tlie  sthenfc  or  first  stage, 
especially  where  the  signs  of  exophthalmic  goiter  are  marked,  the 
treatment  for  tliat  disease  (see  page  229)  is  indicated.  The  use 
of  coal-tar  products,  it  includes,  is  known  in  fact  to  afford  con- 
siderable relief  of  the  most  distressing  symptom  of  acromegaly, 
intense  headache.  Acetanilid  and  antipyrin,  and  also  aspirin, 
have  been  considerably  used  ior  this  purpose. 


"Dock:    Loc.  cit.,  p.  864. 

**  Seara:    BoBton  Med.  and  Surg.  Jour.,  July  2,  1896. 
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With  respect  to  the  therapeutic  value  of  pituitary  extract  a 
case  reported  by  Rolleston  was  great  y  improved  by  pituitary 
and  thyroid  extracts  combined.  But  the  author  observed  that 
the  superficial  resemblance  of  acromegaly  to  myxoedema  seemed 
to  justify  the  administration  of  thyroid  extract,  pituitary  ex- 
tract alone  having  failed  to  effect  any  improvement.  The 
patient  neglecting  the  treatment,  ultimately  died,  the  autopsy 
revealing  a  sarcoma  of  the  pituitary — a  type  of  growth  which 
rapidly  brings  on  the  asthenic  stage. 

As  to  the  use  of  pituitary  alone  in  the  asthenic  stage,  it  has 
been  found  of  value  in  some  cases  as  a  palliative  for  headache,"^ 
but  Renon  and  Delille*®  found,  in  a  woman  who  showed  clear 
symptoms  of  hypothyroidia,  that  it  aggravated  the  acromegalic 
signs,  including  the  deformities  of  the  face,  hands,  feet,  etc. 
Yet,  in  similar  cases,  the  simultaneous  use  of  thyroid  has 
proven  of  value.  The  solution  of  this  enigma  was  furnished  by 
Rolleston"®  when  he  said  that  "the  apparent  success  obtained 
from  the  administration  of  the  combined  extracts  was  in  reality 
due  to  the  thyroid  extract.'^  On  the  whole,  all  this  indicates 
that,  as  soon  as  any  sign  of  hypothyroidia  or  myxoedema  appears, 
the  treatment  for  the  latter  disease  (see  page  192)  should  be 
instituted. 

In  the  light  of  the  facts  subniittcd  under  the  heading  of 
pathology,  particularly  those  which  refer  to  arrest  of  the  morbid 
process,  there  is  ground  for  the  hope  that  appropriate  remedies 
may  further  such  a  result.  Until  our  hopes  are  fulfilled,  how- 
ever, operative  measures,  such  as  those  introduced  by  Hochenegg 
in  Europe  and  admirably  developed  by  Gushing  in  this  country 
(see  his  recent  volume^**®),  should  be  resorted  to  where  remedies 
do  not  check  the  lethal  trend. 


"^  See  chapter  xli,  this  volume;    article  "Pituitary  Organotherapy." 
■*  R^non   and   Delille:     Le  Bulletin   m^ical,   June  24,  1908. 
**  Rolleston:     Brit.   Med.   Jour..   April  17.   1897. 

><><*  CuBhing:      "The    Pituitary    Body    and    its    Disorders,"    Philadelphia    and 
London.  1913. 


CHAPTER  XI. 

THE  INTERNAL  SECRETIONS  AND  THE  LEUCOCYTES 

IN  IMMUNITY  AND  FEVER. 

THE  ADRENAL  SYSTEM  AS  THE  FOUNDATION  OP  IMMUNITY. 

To   understand   the  vis   medicatrix   naiurce,   i.e.,   nature's 
way  of  antagonizing  disease,  and  learn  how  to  enhance  her 
resources  when  these  fail  has  increasingly  imposed  itself  as  the 
goal  for  which  we  should  strive.    So  concordant  is  the  thought, 
in  fact,  with  our  highest  aims  as  physicians  and  humanitarians 
that  it  may  be  said  to  have  seen  light  at  the  very  dawn  of 
medicine,  and  to  have  grown  apace  with  time.    Indeed,  twenty- 
three  centuries  ago  Hippocrates*  taught:    "It  is  to  the  efforts 
of  nature  that  the  attentive  and  able  physician  looks  for  guid- 
ance."   Galen*  was  no  less  affirmative  when  he  wrote:  "Nature 
having  originally  formed  the  body  must,  when  disease  assails 
it,  restore  health."    Today,  the  most  virile  trend  of  modern 
thought  is  a  corresponding  principle,  that  conveyed  by  the 
term  "immunity."     Whether  we  seek  to  identify  the  nature 
of  antibodies,  the  process  through  which  they  are  caused  to 
appear  in  the  blood,  or  the  manner  in  which  they  and  the 
phagocytes  oppose  infection,  we  are  but  following  the  path 
opened  by  the  father  of  medicine  400  years  before  the  Christian 
era. 

We  have  now  learned  through  the  painstaking  labors  of 
a  host  of  investigators  that  our  organism  is  supplied  with  au- 
toprotective  substances;  but,  so  far,  the  identity  of  these  sub- 
stances has  not  been  revealed  by  them.  Even  Ehrlich's  theory 
has  failed  in  this  particular.  His  side-chain  theory,  notwith- 
standing the  many  collateral  facts  the  labors  devoted  to  it  have 
brouglit  out,  has  remained  but  a  clever  figment  of  imagina- 
tion in  so  far  as  the  side-chain  feature  itself  is  concerned — ^a  pure 
assumption  the  truth  of  which  he  is  yet  to  demonstrate,  not- 
withstanding the  many  years  it  has  been  most  carefully  studied. 


1  a«:uvre8  xnMicalea  d'Hlppocrate,  ed.  FoSs,  ii,  p.  195,  1801. 
*  Galen:    "Contra  Julianum." 
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Nor  have  the  sources  of  the  various  substances  which  take 
part  in  the  immunizing  process  so  far  been  identified.  Ehr- 
lich  hypothetically  attributes  this  role  to  the  tissue-cell,  but, 
even  granting  that  this  be  so,  we  are  only  driven  back — unless 
we  remain  with  him  within  the  field  of  conjecture — to  the 
necessity  of  showing  whence  these  cells  obtain  their  immu- 
nizing bodies,  his  so-called  receptors.  This  he  has  failed  to 
do,  along  with  all  other  investigators  in  the  same  direction, 
because,  in  my  opinion,  he  and  they  have  overlooked  the  one 
field  which,  experimentally  and  clinically,  offers  the  only  solid 
foundation  for  a  profitable  analysis  of  the  question,  that  of 
the  ductless  glands.  Brown-Sequard,  Langlois,  Abelous,  Char- 
rin,  Albanese,  Zucco,  and  many  others,  we  have  seen,  have  laid 
stress  on  the  antitoxic  functions  of  the  adrenals,  while  Vassale, 
Gley,  Fano,  and  Zanda,  and  many  other  investigators  and 
clinicians  have  urged  a  similar  role  in  respect  to  the  thyroid 
and  parathyroids.  This  applies  equally  well  to  the  pituitary 
body,  according  to  Marie,  Guerrini,  Gemelli,  and  others.  We 
thus  have  a  series  of  organs  found  experimentally  and  cUnicaJly 
to  protect  in  some  way  the  body  against  intoxication.  Is  it 
not  logical  to  conclude  that  they  claim  attention  as  the  more 
likely  to  furnish  the  factors  for  a  solution  of  this  all-important 
problem  ? 

Prompted  by  these  indications,  I  advanced  the  view  in 
the  first  edition  of  the  present  work  (1903)  that  the  body  was 
supplied  with  an  immunizing  mechanism.  I  showed  that  the 
adrenals  and  the  thyroid  were  the  sources  of  two  substances 
regarded  by  pathologists  as  prominent  agents  in  the  immu- 
nizing process,  but  the  source  of  which  they  had  not  identified, 
and  that  the  secretory  functions  of  these  organs  were  governed 
by  a  center  located  in  the  pituitary  body.  I  suggested,  more- 
over, that  it  was  probably  by  exciting  this  center  that  various 
familiar  drugs,  mercury,  for  instance,  and  certain  toxins,  tuber- 
culin, Coley^s  toxins,  and  the  like,  produced  their  beneficial 
effects.  The  eight  years  that  have  elapsed  since  these  views 
were  advanced  have  served  only  to  strengthen  them. 

The  identity  of  this  mechanism  suggests  itself  in  view  of 
the  details  already  submitted  in  the  chapters  upon  the  ad- 
renals, the  parathyroid  apparatus,  the  pituitary  body,  and  the 
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kidneys.  But  to  facilitate  the  discussion  of  the  subject,  I  will 
merely  recall  that,  interpreted  from  my  viewpoint,  the  func- 
tions of  these  organs^  both  physiological  and  defensive,  are  as 
follows : — 

Adrenals. — ^These  organs  supply  a  secretion  which,  on 
reaching  the  lungs,  absorbs  the  oxygen  of  the  air  and  becomes 
a  roust ituent  of  haemoglobin — its  albuminous  constituent.  It 
is,  jis  sneh,  taken  up  by  the  red  corpuscles  and  secreted  by 
tliest*  cells  as  droplets  (the  so-called  *T)lood-platelet8'^)  in  all 
parts  of  tlie  body,  including  the  blood-plasma  itself.  The  pur- 
pose of  this  albuminous  haemoglobin,  which  I  have  termed 
'^adrenoxidase/'  is  to  supply  oxygen  to  the  tissues  and  to  the 
blood.  Important  in  this  connection,  however,  is  that  this 
adrenoxidase  gives  the  reactions  and  presents  other  charac- 
teristics of  a  familiar  agent  in  the  classic  immunizing  process, 
the  immuue  body  or  amboceptor, 

The  active  participation  of  the  adrenal  secretion  in  the 
defensive  functit)n  suggests  itself  when  the  connection  between 
(^xidati(Hi  and  fever  is  recalled.  Adrenoxidase  being  the  active 
agent  in  all  oxidation  processes,  and  being  capable  of  raising 
the  temperature,  we  have  a  clue  to  the  identity  of  one  of  the 
most  important  of  the  symptoms  we  meet  on  all  sides,  and 
the  actual  nature  of  wliicli  has  not,  so  far,  been  explained, 
namely,  fever.  Indeed,  as  stated  by  Lazarus  Barlow*^:  "Even 
if  we  grant  that  fever  is  beneficial,  we  are  completely  ignorant 
of  the  manner  in  wliich  it  acts." 

We  may  speak  of  neurogenic  fever  caused  by  injury  to 
the  corpora  striata;  of  aseptic  fever  due  to  crushed  tissue;  of 
infective  fever  caused  by  certain  pathogenic  organisms  or  their 
tx^xins,  or  of  hypertliermia,  and  of  the  nature  of  the  substances 
that  are  oxidized,  but  the  identity  of  the  oxidizing  agent,  the 
deus  ex  tnachiua  in  all  these  types,  has  remained  obscure.  14ii8 
is  the  feature  of  tiie  pn)bl(>m  wliich,  from  my  viewpoint,  the 
adrenal  secretion,  converte<l  in  the  lungs  into  adrenoxidase, 
supplies. 

Barlow  writes,  moreover:  "Experiment  seems  strongly  to 
support  the  view  that  hyperthermia  has  a  curative  action,  and 
thence  it  is  but  a  short  step  to  considering  fever  as  beneficial, 

•Barlow:    "General  Pathology,"  2d  ed..  p.  435.  1904. 
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and  as  evidence  of  the  setting  in  motion  by  the  organism  of 
one  of  its  defensive  mechanisms.  And  certainly  in  pneumonia, 
erysipelas,  cerebrospinal  meningitis,  typhoid  fever,  the  prog- 
nosis is  better  if  the  patient's  temperature  is  moderately  high 
than  if  it  is  definitely  low/'  Now,  we  have  seen  by  the  labors 
of  Albanese,  Abelous  and  I^anglois,  Charrin,  Oppenheim,  and 
others  that  tlie  adrenals  also  enhance  the  defensive  power  of 
the  body,  thus  combining  the  production  of  fever  with  the 
beneficial  action.  That  Halpem**  regards  adrenalin  as  an  anti- 
gen also  suggests  some  immunizing  functions. 

Thyroparathyroid  Apparatus, — The  thyroid  gland  and  the 
paratliyroid  glandules,  which  constitute  this  apparatus,  pro- 
duce secretions  which,  on  passing  out  of  the  lymphatics  (into 
which  they  are  secreted),  enter  tlie  left  subclavian  vein,  and 
become  merged  into  a  single  substance.  Passing  then  into  the 
blood  of  the  superior  vena  cava,  this  secretion  is  carried  to 
the  lungs,  and  on  reaching  the  air-cells  is  taken  up  by  the  red 
corpuscles — along  with  the  oxygenized  adrenal  secretion.  A 
salient  feature  of  the  immunizing  process  appears  in  this  con- 
nection, viz.,  the  thyroparathyroid  product  is  also  secreted  by 
the  red  corpuscles  into  the  blood  and  tissues,  and  by  acting 
directly  upon  the  phosphorusi  which  the  nuclei  of  all  tissue- 
cells,  pathogenic  organisms,  etc.,  contain,  increases  tlieir  in- 
flanmiabilit}',  i.e.,  their  sensitiveness  to  oxidation.  As  such,  it 
acts  both  as  opsonin  and  agglutinin. 

The  thyroparathyroid  secretion  taking  part  in  tissue  oxi- 
dation with  the  adrenal  product,  it  becomes  also,  logically,  a 
normal  participant  in  the  production  of  fever.  Now,  this  is 
80  striking  a  feature  of  thyroid  functions  that  the  thyroid 
gland  has  been  associated  with  the  production  of  fever  by 
Lorand  and  other  authorities  on  the  ductless  glands.  Lorand* 
urges  in  this  connection  tlie  various  manifestations  of  the 
febrile  state,  elevation  of  the  temperature  and  the  sensation 
of  heat  observ^ed  in  Graves's  diFcase,  due,  as  is  well  known,  to 
excessive  activit}'  of  the  thyroid  and  many  other  phenomena 
peculiar  to  the  febrile  state.  "Both  in  Graves's  disease  and 
fever,"  he  writes,  "there  is  an  augmentation  of  the  processes 

*  Lorand :     Lancet,  Nov.  9,   1907. 

**  Halpcm:     Arch.  f.  exper.  Path.   u.  Pharm.,  Oct.,  1912. 
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of  oxidation/^  Again,  as  previously  shown,  thyroid  feeding  causes 
febrile  phenomena,  i.e.,  a  rise  of  temperature  of  several  de- 
grees, both  in  man  and  animals,  as  shown  by  the  researches 
of  Chantemesse  and  Marie,  Ballet  and  Enriques,  Boumeville, 
and  others;  it  increases  the  intake  of  oxygen  and  the  output 
of  carbonic  acid,  the  output  of  sodium  chloride,  phosphoric  acid, 
etc.  Finally,  operative  or  morbid  arrest  of  thyroid  functions 
causes  hypothermia. 

Once  more,  and  in  keeping  with  Barlow^s  remarks  con- 
cerning the  beneficial  influence  of  fever,  do  we  find  the  thermo- 
genic properties  of  the  thyroid  associated  with  marked  de- 
fensive or  immunizing  activity.  Besides  the  evidence  to  this 
effect  I  have  already  offered  (see  page  1G3)  may  be  mentioned 
the  protection  it  affords  against  toxic  products  of  protein  de- 
composition noted  by  Breisacher* — as  far  back  as  1889,  and 
by  Blum,"  Galeotti,  and  Lindemann^ — and  others.  The  in- 
creased vulnerability  of  myxoedematous  subjects  to  infection, 
the  rapidity  with  which  thyroidectomized  animals  succumb  to 
practically  any  infection  that  happens  around  are  now  familiar 
clinical  facts.  In  his  recent  work.  Swale  Vincent^*  states 
that  "it  may  be  supposed  that  the  function  of  the  internal  secre- 
tion is  to  prevent  poisoning  by  the  products  of  body  metabolism 
or  by  infections  from  without."  My  opinion  that  the  thyropara- 
thyroid  product  is  what  Wright  has  termed  "opsonin"  has  been 
sustained,  we  have  seen,  by  the  investigations  of  Marb6,  Malvoz, 
Stepanoff,  and  others. 

The  Pituitary  Body  as  the  Seat  of  the  Immunizing 
Center. — Considered  in  connection  witli  immunity  only,  the 
pituitary  body  contains,  from  my  viewpoint,  a  center — the  im- 
munizing center — located  in  the  pars  intermedia  (between  the 
two  lobes)  and  connected  with  the  adrenals  and  the  thyropara- 
thyroid  apparatus  by  nen'es.  Through  these  nerves  the  immuniz- 
ing center  governs  the  functional  activity  of  these  two  sets  of 
organs,  and,  tlierefore,  the  production  of  adrenoxidase  (ambo- 
ceptor) and  of  thyroiodase  (opsonin  and  agglutinin),  besides 
general  oxidation.  As  such,  the  immunizing  center  is  also  the 
heat  of  fever  center,  the  febrile  state  indicating  tliat  one  or 

*  Breisacber:    Arch.  fUr  Anat.  u.  PhyBiol.  Supp..  p.  509,  18S9. 
•nium:     Archiv  f.   d.   Ges.    Physiol.,   p.   617.   1902. 
TLindfmann:     VIrchoWs  Archiv,  p.  202.  1897. 

7"  Swale  Vincent:     "Internal  Secretions  and  the  Ductless  Glandt/'  p.  352. 
London,  1913. 
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more  poisons  are  present  in  the  blood  which  this  dual  center  is 
antagonizing  through  its  militant  agents,  the  thyroparathyroid 
apparatus  and  the  adrenals — and  also  indirectly,  as  we  shall  see 
later,  through  the  phagocytes. 

To  interpret  this  process  intelligently,  I  will  submit,  as  was 
done  in  the  cases  of  the  adrenals,  the  thyroparathyroid,  and  the 
pituitary,  an  outline  of  the  main  features  of  the  BYidence  I  have 
to  offer,  referring  the  reader  to  the  second  volume  for  a  detail 
study  of  the  whole  question. 

Of  fundamental  importance  in  this  connection,  is  that 

The  pituitary  body  of  all  animals,  from  mollusks  to  man, 
contains  a  sensory  organ  which  structurally  resembles  the  nasal 
olfactory  membrane, 

Julin^  urged,  in  1881,  that  in  ascidians  the  subneural  gland 
(conjoined  to  the  nerve  ganglion  which  I  assimilate  to  the 
posterior  or  neural  lobe)  was  the  ancestor  of  the  pituitary  body 
of  vertebrates.  Lloyd  Andriezen®  confirmed  this  view  after  a 
comprehensive  study  of  the  organ,  from  amphioxus  to  man. 
Personal  work  in  the  same  line  led  to  a  similar  conclusion.  Now, 
at  least  as  low  down  as  mollusks  there  exists  in  the  correspond- 
ing location  a  patch  of  epitlielium,  which  Spengel  has  termed 
"the  olfactory  organ,^^  and  Ray  Lankester*®  the  "osphradium.^' 
Unaware  of  the  connection  between  this  structure  in  ancestral 
forms  and  the  pituitary,  Peremeschko,"  Miiller,^^  and  also 
Cadiat^^  described  a  cleft  between  the  two  lobes  of  the  latter 
organ,  the  walls  of  which  they  found  to  be  lined  with  epithelium. 
The  structure  of  this  epithelium  was  only  made  clear,  however, 
when  the  Golgi  method  was  available.  Gent^s**  then  found  that 
it  was  merged  in  the  partition  (the  pars  intermedia)  separating 
the  two  lobes,  and  that  it  contained  elongated  nerve-cells  which 
sent  their  neuraxons  into  the  posterior  lobe,  and  thence  to  the 
base  of  the  brain.  According  to  Gentes,  these  cells  recall  exactly 
the  sensorv'  elements  of  the  nasal  olfactorv  membrane.     Caselli 


"Julin:  "Recbercbes  sur  rorganls  des  aacides  simples,"  Arcb.  de  biol.,  ii, 
pp.  59,  211,  1881. 

*  Lloyd  Andrlezen:    British  Medical  Journal,  January  13.  1894. 

^®  Ray  Lankester:  Article  Mollusca.  in  Encyclopaedia  Britannica,  9tb  ed., 
xri,  p.  636. 

"  Peremeschko:     Vlrcbow's  Arcblv,  xxxviii,  p.  329,  1867. 

"Mflller:    Jenaische  Zelt.  f.  Naturw.,  vii.  p.  327.  1873. 

"  Cadiat:     Anatomle  g6n6rale,  cited  by  Ou^pin,  Tribune  m6d.,  December  10, 

i^Qcpt^s;    C.  r.  de  la  Soc.  de  blol.,  Iv,  p.  100,  1903. 
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also  found  sensory  elements  in  the  pituitary  of  higher  animalB, 
while  Boeke"  and  Genielli**  discerned  them  in  the  pituitary  of 
fishes.  A  personal  distinctive  study  of  this  organ  from  the  true 
olfactory  apparatus  has  shown,  moreover,  that  the  former  could 
be  traced  down  to  lower  forms,  gradually  receding  in  importance 
until  the  patch  of  epithelium  "supplied  with  a  special  nerve  and 
ganglion,^'  as  Ray  Tjankester  describes  it,  in  mollusks  is  reached. 

SuggCFtive  in  this  connection,  as  a  feature  of  the  immuniz- 
ing process,  is  that 

In  ancestral  animah  the  "test  organ"  serves  to  test  the 
purity  of  the  sea  water  ingested  by  them. 

Spengel's  olfactory  organ,  Ray  Lankester's  osphradium^  has 
for  its  purpose,  according  to  zoologists,  to  test  the  respiratory 
fluid.  In  aniphioxus,  the  lowest  of  vertebrates,  similar  protec- 
tion is  afforded  by  what  Willey"  describes  as  a  "vestibule  richly 
provided  with  sensitive  cells,"  and  by  Andriezen  as  a  "nervous 
organ"  which  "ser\'e8  to  test  the  quality  of  the  water  which 
passes  over  the  respiratory  organ." 

That  a  corresponding  autoprotective  function  exists  in  the 
higher  animals,  including  man,  is  not  only  sustained  by  consider- 
able evidence,  but  a  solid  foundation  for  the  whole  scheme  is 
afforded  by  the  fact  that  the  blood  of  these  higher  animals  is  the 
physiological  and  qualitative  homologue  of  sea  water.  Claude 
Bernard^''  taught  forty  yi'ars  ago  that  "the  blood  is  an  internal 
medium  in  which  anatomical  elements  live  as  do  fishes  in  water." 
Ren6  Qiiinton*"  showed  that  our  plasma  was  a  fluid  which  chem- 
ically, in  so  far  jis  the  relative  proportion  of  the  various  elements 
was  concerned,  corresponded  with  sea  water.  A.  B.  Macallum*® 
also  holds  that  both  animal  and  vegetable  protoplasm  derive  their 
relations  to  the  elements  sodium,  potassium,  calcium,  and  magne- 
sium from  the  composition  of  sea  water  which  obtained  when  all 
forms  were  unicellular.    The  labors  of  Bunge,*^  Jacques  Loeb,** 


^  Doeke:    Anat.  Anz.,  xx,  p.  17,  1902. 

^*  GemeHl:    Jour,  de  Tanat.  et  de  la  physioI..  42d  year.  No.  1.  190e. 

i^Willey:     "Ampbioxus  and  the  Ancestry  of  Vertebrates,"  p.  19,  1894. 

M  Claude  Bernard:  "Lccons  sur  lea  propri6t^  des  tlssus  vlvants"  pp.  66-68, 
1866. 

^  Ren6  Quinton:    Paris  Correspondent,  Lancet,  April  16,  1904. 

x'Macallum:    Trans.  Canadian  Institute,  p.  181,  1903-4. 

*^  Dunge:  "Pbysiological  and  Patbologlcal  Cbemistry,"  English  translation  by 
SUrling,  pp.  101,  102,   1902. 

»Loeb:    Pflttger'e  Archiv,  evil,  p.  252.  1906. 
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Matthews,  Fisher,  Overton,'*  and  others  have  all  contributed 
testimony  to  the  solidity  of  this  view. 

CoDsidered  in  the  light  of  the  anatomical  connections  of  the 
pituitary  with  the  thyroid  and  adrenals,  and  the  functions  I  have 
ascribed  to  these  organs,  the  conclusion  seems  warranted  that 

Jn  the  higher  animals,  including  man,  the  "test  organ"  testa 
the  purity  of  the  qualitative  homologue  of  sea  water,  the  blood, 
for  toxic  substances  and,  where  possible,  causes  destruction  of 
these  xubstances. 


Pis.  ].— PrrniTAttr  Botir,  Coktainiho  Immuhizinq  Cbntbr  (leml- 
■chemailc).  a,  aoterlor  lobe;  b.  arteries  UDd.  d,  arterioles;  c.  courae  of  blood 
diffused  throueb  slauaoldal  caplllarlea  of  epithelium;  t,  cltti  lato  which  c 
tenu  ot  blood-cellB  (colloid)  and  cellular  detrltua  are  drlTen.  and  whence  t 
pasa  Into  lymphatics:  t,  aeuaory  teat  organ  (Immualtlng;  center)  excited 
colloid  wbcn  tbe  blood  (and  therefore  the  colloid)  contalna  certain  polaona; 
poatcrlor  pituitary  containing  origin  o(  paiba  lo  adrenala  and  thyroid;  *,  tubei 
dnei-eum,  ahowing  aeerelorr  path  to  adrenaU  and  thyroid;  <,  retTO-optlc  Bucleui 
wblcb  tran smite.  /.  aympalbetlc  Taaoconalrlctor  nerves  to  various  organs, 
Including  tbe  tbyrold. 

We  have  only  to  analyze  the  pathogenesis  of  the  convulsions 
that  follow  removal  of  the  pituitary  to  realize  that  the  role  of  its 
test  organ  is  also  to  prevent  general  intoxication  in  the  higher 
animals,  including  man.  This  procedure,  as  observed  by 
Marineseo,"  VassaJe  and  Sacchi,"  Masay,'"  and  others,  produces, 
as  Schafer"'  expresses  it,  "muscular  twitchinps  and  tremors 
developing  later  into  spasms."  This  exemplifies  the  familiar 
convulsions  caused  in  children  bv  autointoxication;  those  ascribed 


"SchKfer:     "Teitbook  of  Phyair 
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to  totanotoxin ;  thot«e  of  puerperal  eclampsia  which  Williamson," 
(iraiunn.*'  and  others  ascribe  to  poiaonoua  substance  circulating 
in  tlie  bliMNl ;  th<Nie  provoked  in  animals  by  Herter,**  Krainsky/^ 
and  in  man  by  CVni'^  with  hypertoxic  serum  derived  from 
t*]iil('])tii':i,  a  fitting  c'omllar}'  for  Pierce  Clarices"  conclusion,  based 
on  a  stiidv  of  l^ojKN)  epileptic  seizures,  that  ^e  mnst  see  the 
pnthnpauH&is  in  an  initial  toxin  or  autointoxication."  I  have 
ur^(Hl  in  tliis  connection,  and  others  besides  myself  have  found, 
that  in  appropriate  cases  of  epilepsy,  those  in  which  the  thyroid 
is  inadiH{uately  active  and  in  which  gliosis  has  not  been  given 
time  to  develop,  thyroid  extract  proves  effective  in  arresting  the 
jmroxysnis.  Need  I  refer  to  its  corresponding  action  in  the 
c-onvulsions — of  both  tetanic  and  epileptic  type — that  follow  ex- 
lirpatinn  (^f  tlio  thyroid  and  parathyroids?  Here  there  is  directly 
intn^liKiMl  into  the  blood  the  agent  which  sensitizes  the  tojcic 
wasti^  and  renders  them  vulnerable  to  the  destructive  action  of 
thf  otluT  <lofen?ive  substances. 

TnK  Mode  of  Action  of  the  Immusizino  Mechanism 
A\n  TiiK  (Jenesis  of  Fever. — In  view  of  the  foregoing  facts, 
pliysinln;:i(al,  clinical,  histological,  and  zoological,  the  introduc- 
tion of  a  toxic  into  the  blood  should,  by  exciting  the  test  organ, 
awaken  the  tlefcnsive  resources  of  the  body  to  action  through 
the  intermediary  of  tlie  thyroid  apparatus  and  adrenals.  Crucial 
experiments  are  avaihil>]e  to  show  that  such  is  the  case,  i.e.,  that 
t!je  test  orpin  wlien  excited  by  a  poison  stimulates  the  adrenals 
luu]  the  thyroid  apparatus  and  thus  induces  destruction  of  that 
poison,  and,  moreover,  that  when  the  test  organ  cannot  transmit 
its  impulses  to  the  adrenals  and  thyroid  the  autoprotective 
process  d«H»s  not  manifest  itself.  These  experiments  were  those 
of  Sawadowski*^*  and  of  other  investigators  referred  to  below. 
They  indicate,  wlien  explained  in  the  light  of  my  views,  that 

Fever  k<  ihe  phjf.'fioJogiral  expression  of  the  defensive 
nieehatnsm  when  a  toxic  capable  of  exciting  ihe  test  organ  is 
present  in  the  blooif. 


!•  WlUlntnson:     Obstrtrlco.  p.  703.  1903 


Grandln:    Orandin  rnd  Jarman's  "Practical  Obstetrics."  p.  H  3d  ed.»  1900. 
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« Clark:     Medical  Nei»a.  July  18,  1903.  ^,      ^         ^^    ^^^ 

*«Sawadowtki:    CcDtralbl.  t  d.  med.  Wlasen.,  26th  year,  No.  9.  p.  161.  1888. 
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I  have  urged  that  the  pituitary  contained  the  heat  center, 
and  that  it  produced  a  rise  of  temperature  through  the  inter- 
mediary of  the  adrenals  and  thyroid.  The  test  organ  is  evidently 
closely  connected  with  the  heat  center,  for  the  protective  process 
it  awakens  when  certain  poisons  occur  in  the  body  is  a  rise  of 
temperature.  Now,  Sawadowski  noted,  after  injecting  putrid 
substances  into  the  blood,  and  in  accordance  with  familiar  experi- 
ence, that  it  caused  fever,  even  after  the  cerebrum  had  been 
removed  from  the  midbrain.  He  found,  moreover,  that  anti- 
pyrin  controlled  this  fever.  But  his  experiments  revealed  an 
important  fact,  viz.,  that  section  through  the  optic  thalami  or  the 
posterior  edges  of  the  corpora  striata  (which,  from  my  view- 
point, also  severed  the  nerve  paths  from  the  test  organ  or  heat 
center  to  the  adrenals  and  thyroid)  prevented  these  effects. 
"After  these  sections,'^  he  writes,  "neither  the  putrid  materials 
nor  the  antipyrin  exerted  any  influence  upon  the  temperature. 
The  sinking  of  the  temperature  was  not  arrested  by  the  putrid 
substances.''  The  last  statement  refers  to  the  fact  that,  notwith- 
standing the  presence  of  putrid  substances  which  had  caused 
fever,  the  temperature  steadily  went  down — after  the  operation 
— ^from  38.1**  C.  in  the  colon  to  31.4°  C.  This  recalls  the  steady 
decline  that  occurs  after  removal  of  the  pituitary.  Ott  and 
Scott^**  also  found  that  the  marked  rise  of  temperature  that  fol- 
lows the  intravenous  injection  of  betatetrahydronaphthylamin  in 
normal  rabbits  did  not  occur  after  they  had  transected  the  base 
of  the  brain  behind  the  tuber  cinereum. 

The  heat,  or  thermogenic,  center  thus  influenced  cannot  be 
located  in  the  cerebrum,  for  we  have  seen  that  removal  of  this 
organ  does  not  affect  the  temperature.  Nor  can  it  be  located  in 
the  optic  thalamus  or  the  corpus  striatum,  for  Ott  and  Harris'" 
provoked  the  typical  rise  of  temperature  by  puncturing  with  a 
needle,  through  the  mouth,  "only  the  lower  surface  of  the  tuber.*' 
Its  true  location  is  shown  by  the  fact  that  Ott  found  a  thermo- 
genic center  in  the  anterior  portion  of  the  floor  of  the  third 
ventricle,  i.e.,  immediately  above  the  pituitary.  Moreover,  it  is 
precisely    traversed   by   the   nerves   wliich   Andriezen,    Gent^s, 


ott  and  Scott:     Jour,  of  Exper.  Med.,  November,  1907. 
Ott  and  Harris:     Tberap.  Gaz.,  June  15,  1903. 
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Joris,  and  others  traced  from  this  organ,  and  which  Andriezen 
followed  to  the  region  of  the  pons. 

Under  these  conditions,  however,  transection  of  the  pons 
should  also  have  prevented  the  thermogenic  action  of  putrid 
materials  in  Sawadowski's  experiments.  Such  proved  to  be  the 
case.  Of  this  experiment,  carried  out  with  the  aid  of  Pawlow, 
Sawadowski  writes:  "Following  out  Ischetschichin's  method,  a 
diagonal  section  was  made  through  the  pons  Varolii.  When  the 
section  was  complete,  free  from  haemorrhage  or  of  any  condition 
which  might  excite  the  surface  of  the  cut  tissues,  a  gradual 
diminution  of  the  temperature  occurred  in  the  rectum  and  be- 
tween the  toes.  In  one  exj)eriment,  for  example,  in  which  the 
preoperative  temperature  was  38°  C.  in  the  rectum,  and  34.5°  C. 
on  the  skin,  nine  hours  after  tlie  operation  the  first  liad  fallen 
to  27°  and  the  second  to  25°  C."  This  applies  as  well  to  the 
spinal  cord;  "when  the  section  was  made  quite  high  up,'*  he 
says,  "no  rise  of  temperature  could  be  obtained  with  putrid 
materials,  nor  did  the  antipyrin  lower  it." 

In  the  portion  of  the  cervical  region,  however,  he  found  that 
transection  of  the  spinal  cord  did  not  completely  prevent  the 
influence  of  either  the  putrid  materials  or  the  antipyrin.  But 
we  have  in  this  paradoxical  phenomenon  only  confirmatory 
testimony  to  the  presence  of  a  nervous  connection  between  the 
pituitary  and  the  thyroid  apparatus,  for  in  these  "low  sections/* 
as  he  terms  them,  he  severed  the  cord  below  the  origin  of  the 
nerves  to  the  thyroid,  thus  leaving  untouched  the  nerves  which 
connected  it  with  the  pituitary  and  its  test  organ,  though  sever- 
ing tlie  path  to  the  adrenals.  What  elTects  were  obtained  were  due 
to  the  thyroid  apparatus,  which  remained  under  the  influence  of 
the  test  organ,  and  therefore  of  the  thermogenic  poison  and 
antipyretic. 

These  experiments  speak  for  themselves — especially  in  view 
of  the  fact  that  Sawadowski  mentions  among  the  concomitant 
effects  of  his  sections  "disorders  of  respiration  and  circulation,** 
and  also  blueness  of  the  blood — obvious  evidences  of  defective 
oxygenation.  Added  to  the  foregoing  evidence,  they  seem  to  me 
to  warrant  the  following  general  flocluotions: — 

1.  Man,  in  keeping  wiih  many  animah  lower  in  the  phylch- 
genetic  scale,  is  supplied  with  an  autoprotective  mechanism. 
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2,  This  mechanism  includes:  1,  the  immunizing  center, 
an  organ  of  special  sense  annexed  to  the  heat  center,  both  centers 
being  located  in  the  pituitary  body;  2,  the  thyroparaihyroid 
glands;  3,  the  adrenals,  and,  4,  special  nerves  which  connect  the 
immunizing  center  {or  overactive  heat  center)  with  these  two 
sets  of  organs. 

3.  The  immunizing  center,  which  governs  the  autoprch 
tective  mechanism,  is  the  developed  *'osphradium"  or  "test 
organ"  described  by  zoologists  in  mollushs  and  certain  ancestral 
vertebrates, 

Jf,  While  the  osphradium  of  primitive  animals  tests  their 
respiratory  fluid,  sea  water,  its  prototype,  the  immunizing  center 
of  higher  animals,  including  man,  tests  the  blood,  also  a  respiror 
tory  fluid  and  a  qualitative  homologue  of  sea  water. 

5.  When  the  functional  activity  of  the  immunizing  center 
is  increased  through  the  presence,  in  the  blood  of  some  toxic,  i.e., 
wastes,  toxins  or  endotoxins,  mineral  and  vegetable  poisons, 
certain  venoms,  drugs,  etc.,  capable  of  exciting  this  center,  it 
stimulates  correspondingly  the  heat  center  and  thus  awakens  the 
immunizing  process. 

6.  Fever  indicates  that  the  autoprotective  mechanism  is 
active.  The  rise  of  temperature  is  due  to  the  increased  produc- 
tion of  ihyroparathyroid  and  adrenal  secretions,  and  the  resultant 
increment  of  metabolic  activity.  The  immunizing  process  is  a 
consequence  of  this  hypermetabolism,  all  the  immunizing  agents, 
plasmatic  and  cellular,  being  produced  in  greater  quantities. 

But  Lazarus  Barlow  states  we  have  seen — and  he  is  amply 
sustained,  I  may  add,  by  the  teachings  of  clinical  experience — 
that  "in  pneumonia,  erysipelas,  cerebrospinal  meningitis,  typhoid 
fever,  the  prognosis  is  better  if  the  patient's  temperature  is 
moderately  high  than  if  it  is  definitely  low.*'  This  is  met  by  the 
interpretation  of  the  febrile  process  I  submit  in  the  next 
conclusion : — 

7.  Absence  of  fever  in  a  toxcemta  of  any  Jcind  is  due  to 
inability  of  the  immunizing  center  to  react  under  the  influence 
of  the  toxic,  owing  to  deficient  sensitiveness  {inherited  or  ac- 
quired) of  this  center,  or  to  the  fact  th<it  the  toxic  is  itself  a 
paralyzant  or  ancesthetic  of  its  sensory  elements. 
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On  the  other  hand^  every  practitioner  is  aware  of  the 
dangers  of  hyperpyrexia.  This  also  finds  its  normal  explanation 
in  the  terminal  conclusion  that: — 

iV.  Excess  of  fever  {above  105°  F.)  is  due  to  excessive  exd^ 
iaiion  of  the  immunizing  center  and  a  corresponding  overpro^ 
diution  of  defauiive  bodies.  This  condition  exposes  the  red 
corpu/trh's  and  the  endothelium  cells  to  proteolytic  destruction 
{h(pmolysis  and  autolysis)  along  with  the  pathogenic  substances 
or  bacteria?'^ 

Concluding  Remarks. — Such  are  the  facts  which  have  led 
nic  to  believe  that  the  human  organism  is  supplied  with  an  auto- 
protective  meclianism.  Its  functions,  I  may  add,  harmonize 
with  the  views  of  the  modem  biochemist  who  has  found  that  in- 
creased metabolism  is  a  characteristic  of  the  febrile  process; 
they  also  coincide  with  the  observations  of  the  bacteriologist 
that,  while  most  pathogenic  bacteria  thrive  at  the  normal  tem- 
perature of  the  body,  they  promptly  die  when  it  is  raised  several 
degrees.  They  account  for  the  teaching  of  clinical  experience 
that  a  higher  mortality  occurs  in  apyretic  cases  than  among 
tliose  in  which  the  febrile  process  had  been  active.  They  explain 
the  harmful  influence  of  hyperpyrexia,  since  excessive  immuniz- 
ing activity  means  proteolytic  destructions  of  the  blood-cells 
(haemolysis)  and  even  of  tissue-cells  (autolysis)  besides  the 
pathogenic  agents  tliemselves. 

In  the  practical  field,  personal  experience  sustained  by  that 
of  manv  coMeagiies  who  have  carefullv  studied  mv  doctrines  has 
shown  clearly  that  these  embody  the  lever  through  which  we 
can  overcome  infections.  We  need  only  analyze  the  beneficial 
action  of  vaccine  therapy,  of  antitoxin,  of  drugs  such  as  mer- 
cury, the  iodides,  and  otlier  so-called  "alteratives,"  to  recognize 
that  their  tendency,  in  therapeutic  (non-toxic)  doses,  is  to  raise 
the   temperature — proof   that   the   immunizing   process   is 

ACTFVE. 

Yet,  as  is  well  known,  the  autoprotective  resources  of  the 
body  do  not  depend  only  upon  the  germicidal  and  autotoxic 
constituents  of  the  blood-plasma.     Indeed,  they  could  not  be 


"7  The  placing  of  animals  in  the  heated  chamber  to  determine  the  influence 
of  high  temperatures  on  the  corpuscles  is  a  useless  and  misleading  experi- 
ment, since  the  proteolytic  ferment,  the  active  agent  in  the  process,  is  not 
increased.— S. 
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carried  out  without  the  potent  co-operation  of  the  phagocytes, 
the  importance  of  which  in  immunity  has  been  revealed  to  us 
through  the  genius  of  Metchnikofif. 

To  obtain  an  idea  of  the  relations  of  the  internal  secretions 
with  these  defensive  cells,  we  should  have  at  least  an  idea  of 
their  relations  with  the  ductless  glands,  the  manner  in  which  the 
vital  process  is  sustained  in  them,  and  the  role  each  type  of 
leucocyte  fulfills  in  this  connection.  I  know  of  no  work  in 
which  these  features  are  studied  and  must,  therefore,  build  up 
the  whole  framework  of  the  process,  and  thus  try,  at  least,  to 
ascertain  the  nature  of  the  connection  between  the  immunizing 
process  as  I  have  described  it  in  the  foregoing  pages  and  the 
functions  of  the  phagocytes. 

THE  LEUCOCYTE  IN  ITS  RELATIONS  TO  NUTRITION,  ORGANIC 

FUNCTIONS,  AND  IMMUNITY. 

Before  inquiring  into  the  physiological  functions  of  each 
of  the  various  varieties  of  white  corpuscles,  or  leucocytes,  it 
was  deemed  advisable  to  study  the  cell  as  a  unit,  and  par- 
ticulariy  the  functional  attributes  of  its  main  component  struc- 
tures: (1)  the  nuclear  and  cellular  reticulum  or  mitoma;  (2) 
the  granules. 

The  Mitoma. — Alluding  to  basophile  leucocytes,  Howell'^* 
states  that  the  nucleus  "is  divided  into  lobes  that  are  either  en- 
tirely separated  or  are  connected  by  fine  protoplasmic  threads." 
This  is  well  illustrated  in  the  annexed  plate  from  a  valuable 
study  of  the  subject  by  G.  L.  Gulland,"®  by  Fig.  1,  a  hyaline 
leucocyte  from  a  newt's  blood.  These  cells  are  undeveloped 
and  their  protoplasm  does  not  as  yet  show  "threads.'*  But 
their  nucleus  is  cleariy  supplied  with  them  even  at  this  eariy 
stage — ^a  feature  which  suggests  that  the  nucleus  is  an  au- 
tonomous structure.  This  is  further  sustained  by  the  pres- 
ence, in  the  perinuclear  portion  of  the  cell,  of  a  small  body,  the 
astrosphcre,  shown  in  Fig.  7,  another  undeveloped,  or  ^^yaline,'' 
cell.  This  astrosphere  is  likewise  present  in  fully  developed 
leucocytes,  as  may  be  seen  in  Figs.  10,  12,  and  16.     Each  cell 


"•  Howell:     Lov.  cit. 

■•  G.  L.  Gulland:     Journal  of  Physiology,  vol.  xlx,  1896. 
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Granules^  as  the  plate  distinctly  shows,  are  plentiful  within  the 
nucleus,  and  in  the  cellular  substance  likewise;  in  fact,  in  the 
latter  they  are  crowded  around  the  centrosphere,  the  deepest 
portion  of  the  cell. 

If  the  granules  are  plasmatic,  i.e,,  formed  by  substances 
derived  from  the  plasma,  how  does  the  latter  reach  the  minute 
areas  in  which  the  granules  are  formed?  Channels  seem  to  me 
absolutely  necessary  for  the  passage  of  the  blood-plasma,  its 
alkaline  phosphates,  and  other  plasmatic  salts  from  which  the 
granules  are  formed. 

The  prevailing  view  that  the  threads  (mitoma)  are  con- 
cerned with  the  amoeboid  movements  of  leucocytes,  as  also  in- 
ferred by  Gulland,  is  by  no  means,  it  seems  to  me,  incompatible 
with  the  possibility  of  their  being  plasma-channels,  or  efferent 
canaliculi.  Indeed,  their  elasticity  does  not  eliminate  the  pos- 
sibility of  their  being  tubular,  while  their  extension  and  re- 
traction may,  as  in  the  sweat-glands,  afford  the  mechanical 
elements  of  an  expulsive  process.  "It  is  certainly  interesting 
to  note  that,  the  more  active  the  cells  of  this,  series  become,'* 
writes  Gulland,  referring  to  the  acidophile  (phagocytic)  leuco- 
cytes, "the  more  visible  become  their  mitoma  and  the  micro- 
somes which  form  part  of  it.  The  Ijrmphocytes  in  which  no 
mitoma  can  be  seen  are  practically  non-amoeboid.  The  hyaline 
cells  in  which  it  is  not  very  evident  move  but  sluggishly.  The 
oxyphile  cells,  with  a  well-marked  mitoma  and  microsomes, 
move  more  rapidly,  and  the  eosinophile  cells,  whose  mitoma 
and  microsomes  are  the  most  visible  of  all,  move  most  rapidly/' 
Again,  he  says:  *lt  is  certain  that  the  length  of  thread  lying 
between  the  microsomes  varies  immensely  in  different  parts  of 
the  cell,  and  the  short  threads  are  usually  the  more  deeply 
stained;  so  that  it  looks  as  though  they  were  contracted  and 
therefore  thickened.  On  the  other  hand,  the  microsomes  at  the 
periphery  are,  generally  speaking,  the  largest,  and  there  can  be 
no  doubt  that  it  is  the  circumference  of  the  cell  which  moves 
most  and  moves  farthest.''  As  regards  the  basophile  leucocytes, 
he  states  that,  "as  far  as  one  can  judge  from  fixed  specimens, 
the  larger  basophile  cells  seem  to  have  more  power  of  move- 
ment than  the  smaller  ones" — a  feature  easily  accounted  for, 
since  they  are  not  bactericidal,  as  are  the  acidophile  leucocytes. 
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Gnniiks,  as  the  plate  difauKnJr  fh<*ir*^  «tv  pVuliful  v?Oi'<n  !!.«? 
nockns,  and  in  tike  €«llalar  mhFUnce  likrvi^':  in  f«Yi^  Sn  i^^^ 
latter  tber  are  crcnrded  ajT»tind  the  tfpniro^i*b^r*'^  fh*-  iy^^^ 
portion  of  the  c^IL 

If  the  granules  are  plarauatM-.  «>..  t^^rmvi  br  •t!^»»itn«:»^ 
derived  from  tlie  plasma,  bow  d^iw  t)>f  litt^  r»!ft'4t  Ih*-  ffihitjl** 
areas  in  which  the  p-anulw  are  fonw»id ''  f ')ia«ri«'l«  «*ti«^fj  1'»  jtv** 
abeolutely  neciefiBarT  lor  liie  pwrnai:*'  <:»f  Hi**  l4'»'H}-pla«f«a-  }!• 
alkaline  pbo^bate^,  and  dtbtsr  plapmrtir  naJtv  fr'^ti  irhk*!}  U»^ 
granules  are  formed. 

The  prevailing  riev  tliat  tl«f  ibrwd»  (tniVtna)  ar?  'I'll*- 
cemed  with  the  amcxJkiid  mw»«ti»irt*  '^f  J»*o«i*M'TV«*  a*  al*?  h>- 
ferred  by  Golland,  i*  bv  b9  nM«n»^  rt  nMMttm  V*  if>»'^  ii>».)»w.»p»1ibU' 
with  the  poBsibilitv  fjl  tb^r  U^inr  pl»«ttWMi>iaw»*'K  '^f  HT'f*^!! 
eanalica]L  Indeed,  tb«r  ♦•liMiti'-rtT  dvHi«  ij'/t  ^hwhmU*  Om?  p*^ 
sibilitv  of  their  being  tabviar^  wbile  i***'^^  *'rt*^ii»*w  a#v)  f'^- 
traction  may,  ae  in  tli^  tv^JirHriiMii^*,  tr-ff'/f')  11i*f  ffi^^mji^i 
elements  of  an  eipulifrre  yfjipm..  *Ji  >  *j^j>.Vi«l|r  if.H^*«*br 
to  note  that,  tlje  m^m  win*  tb^  ^'A^  */  t^'i*  •^i^  ^^^f^i^^ 
writes  Gnlland,  referring  t//  tfi*  ^-yV/j^/IU  i)l^t»r^y^^i  V^**f>' 
cytes,  *Hhe  more  Ti.«ible  bfr-ofm^?  th^r  »/rf/^-^«  #^rfl  fV  /f/>^>- 
somes  which  form  part  of  it.  Th^-  "nif-ryr^-f^  >♦'  w^i'4»  fy, 
mitoma  can  be  seen  arc;  prartirjilly  nfm-nttj^p^^fj^'  T***-  ^'r^^*ft^ 
cells  in  which  it  in  not  very  ^rvirbiit  m^^e  vvf  t^-vf/**^ -r  7^K' 
oxyphile  cells,  with  a  w«'|l.rri«rk#'d  mitAwa  rr^^  o  ,/.*-rt<iM-^. 
move  more  rapidly,  nw]  Ihi?  e/^iin/iphil^  rA!>.  r'-.'**  f*^/^-> 
and  microsomcH  an*  IIk'  fn'/>f  Yi*jibli*  of  nil,  m^»^*  r-'^'r  •'^^yT  /  " 
Again,  he  savK:  "It  in  athtnu  that  th«  length  --^  rsr**^  -r  *r 
between  the  mirrofwifrM'*  yntUt  )ir»inrn*^lv  in  /^--f*^**"  5*^*"'  '' 
the  cell,  and  the  Mliort  <br<'«'l«  wf?  unnally  t>^  r^/**  ^•'-'•'y  ' 
stained;  po  tliat  it  Ir^ik*  ««  tlt/iu^b  th^y  w^r.?  ^^^^-r-//^^,/r  ,.^ 
therefore  ihirknipd.  On  tbif  /itb#?r  hand,  the  mV^rw/-*--  ?•  -^ 
periphery  aro,  pcnorally  Mfwiikirig,  the  large«t.  roA  r--'-  ->-    ■/- 

no  doubt  that  it  i«  the  circnHiiferenre  of  the  <?er   v ^ 

most  and  moves  fartlnjHt."    As  regardi*  fhe  htrnfj/ih-^       -r  -  rn 
ho  states  that,  "as  far  as  one  can  judge  finm  f.y*-'.   -<-'  - 
i\w  lar^'or  basophile  cells  seem  to  ht^  H^w  y^r*-  •*'    -   -  . 
nient  than  the  smaller  ones^ — a  fesfnn^  ^awfr  n-^— -.-    '-- 
since  thoy  are  not  bactericidal,  m  am  fkft  t^Afry-  •  '*    - ^  -*-•* 


636       INTERNAL  SECRETIONS  AND  THE  LEUCOCYTES. 

It  seems  probable,  however,  that  in  both  aeidophile  and  baso- 
phile  cells  the  fibers  take  part  in  the  mechanism  through  which 
they  travel  in  the  plasma,  while  contraction,  thickening,  etc., 
i,e,,  the  elements  of  a  suction  or  expulsion  process,  are  present 
to  suggest  the  identity  of  tlie  mechanism  to  which  they  owe 
their  powers  of  locomotion. 

Basophile  leucocytes  are  not  phagocytic;  they  do  not, 
therefore,  ingest  foreign  substances  as  do  the  latter,  i,e.,  by  in- 
globing  them.  They  must,  therefore,  be  provided  with  a  dif- 
ferent mechanism  for  this  purpose.  If,  in  accord  with  my  view, 
the  mitoma  represents  a  system  of  centrifugal  canaliculi,  it 
cannot  serve  for  this  purpose.  Indeed,  the  external  agencies 
penetrate  the  cell  to  the  nucleus  itself.  Thus,  W.  R.  Stokes  and 
A.  Wegefarth,'"  alluding  to  the  researches  of  Bail,*®  say :  "After 
injecting  virulent  staphylococci  into  the  pleural  cavity  of  rab- 
bits he  found  that  the  leucocytes  underwent  a  characteristic 
change.  They  formed  round,  empty  bodies,  containing  several 
vacuoles  in  the  nucleus/'      v 

How  did  the  virulent  staphylococci  reach  the  nucleus's 
vacuoles?  Metchnikoff's  plate  (opposite  page  692  in  this  vol- 
ume) will  assist  us  in  elucidating  this  question.  It  not  only 
forcibly  illustrates  what  this  distinguished  zoologist  sought  to 
show,  but  likewise,  it  seems  to  me,  a  mechanism  of  ingestion, 
differing  somewhat  from  the  recognized  "ingulfing"  or  "inglob- 
ing*'  process  through  which  phagocytes  take  up  germs,  small 
particles,  etc.  An  example  of  this  mode  of  appropriating  vari- 
ous plasmatic  or  foreign  substances  is  illustrated  in  Fig.  5, 
which  shows  bacteria  penetrating,  from  various  directions,  into 
the  cell-wall,  while  Fig.  16  shows  the  bacteria  within  the  peri- 
nuclear vacuole.  As  all  the  cells  in  Metchnikoff's  plate  are 
phagocyte  ,  the  mechanism  of  ingestion  to  which  I  refer  is 
not  only  that  of  basopliiles,  but  is  obviously  a  feature  of  all 
leucocytes. 

The  fact  must  be  emphasized  that  I  say  "perinuclear" 
vacuole,  and  not  "nuclear"  vacuole,  for,  if  this  and  the  other 
germ-laden  cells  just  referred  to  are  carefully  examined,  it  will 
become  evident  that  the  bacteria  lie  in  a  pocket  contiguous  to, 

*W.    R.    stokes  and   A.   Wegefarth:     Bulletin   of  Johna  Hopklna  Hospital, 
Dec.  1897. 

^Ball:    Berliner  klin.  Wochenschrift.  Oct.  11,  1897. 


THE  STRUCTURE  OF  THE  LEUCOCYTES.  637 

but  not  forming  part  of,  the  nucleus  itself.  •  I  would  not  say, 
therefore,  with  Bail,  "vacuoles  in  the  nucleus,'*  but  vacuoles 
around  the  nucleus.  Indeed,  Gulland  refers  to  Heidenhain  as 
considering  that  "the  nucleus  lies  free  in  the  interfilar  spaces, 
and  is  not  organically  connected  with  the  cell-substance."  This 
is  quite  in  accord  with  jny  view,  and  it  seems  to  me  that  it 
represents  the  cavity  into  which  bodies  ingested  by  leucocytes 
normally  arrive,  though  smaller  vacuoles  are  likewise  present 
in  the  cytoplasm. 

The  actual  presence  of  this  perinuclear  vacuole  from 
which  canaliculi  would  start  appears  to  me  indicated  in  several 
of  the  figures  in  the  annexed  Gulland's  plate.  Fig.  8,  for  in- 
stance, stained  with  iron-haematoxylin,  shows  that  the  nucleus 
is  surrounded  by  an  irregular  limiting  material  of  some  kind; 
but  if  we  compare  the  outline  of  this  limiting  substance  with 
that  of  all  the  succeeding  cells,  an  interesting  feature  asserts 
itself,  viz.:  its  thickness  is  extremely  variable.  Although  12 
may  be  said  to  be  moderately  regular,  the  others,  in  the  fol- 
lowing sequence :  11,  10,  13,  8,  9,  and  14,  are  increasingly  irreg- 
ular. If,  now,  this  irregularity  itself  is  scrutinized,  a  significant 
fact  is  revealed:  i,e,,  the  bulges,  or  projections,  in  the  limiting 
structure  are  all  at  the  expense  of  the  nucleus.  In  Fig.  9,  for 
instance,  jjust  above  a  clover-like  figure  near  the  center  of  the 
cell  (probably  the  astrosphere),  the  marked  bulging  shows  every 
evidence  of  having  been  formed  by  a  substance  which  had  com- 
pressed the  nuclear  substance  inwardly.  The  stages  of  this 
compression  are  exemplified  in  MetchnikofTs  plate,  by  Figs.  16 
and  15,  successively.  In  the  former  a  single  mass  of  liquid  and 
germs  is  seen  to  have  indented  the  center  of  the  nucleus  on 
one  side,  while  in  the  second  figure  three  cavities  are  shown 
which  have  distorted  it.  (The  nucleus  is  indicated  by  an  rk) 
In  both,  however,  the  compression  has  exceeded  the  normal 
boundaries  of  the  limiting  structure,  and  centrifugal  bulging 
has  occurred  at  the  expense  of  the  perinuclear  protoplasm  or 
cytoplasm.  So  marked  has  this  become  in  Fig.  14  that  the 
nucleus  is  not  discernible. 

Tlie  identity  of  the  mitoma  as  a  system  of  canaliculi  sug- 
gests itself  in  another  way.  I  have  shown  that  the  axis- 
'jylinders   of   nerves,    neuroglia    fibrils,    etc.,    contained   blood- 
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plasma.  Such  being  the  case,  if  the  fiber?  or  'Hhreads^  in  leuco- 
cytes are  likewi^  plasma  chaDnels,  they  must  stain,  as  do  the 
former,  when  treated  to  various  dves.  We  hare  seen  (page& 
541  to  543)  that  methylene-bliie  dissolved  in  salt  solnticm  and 
injected  into  the  vessels  of  a  living  animal  colored  the  axis- 
cylinders  blue,  according  to  Ehrlich,  and  that  this  investigator 
defined  the  conditions  of  nerve-strnctnre  essential  to  the 
methylene-blue  reaction  as  ^oxygen  saturation  and  alkalinity^' 
— the  very  attributes  of  blood-plasma.  Referring  to  the  vari- 
ous stains  used  by  him,  GuIIand  says :  ^n  examining  the  baso- 
phile  cells  I  used  almost  entirely  various  methylene-blue  solu- 
tions,'' and,  later  on:  ^^The  basophile  cells  of  the  dog's 
intestinal  villi,  when  fixed  with  absolute  alcohol  and  stained  with 
alcoholic  methylene-blue,  give  exactly  the  same  results,  as  to 
mitoma  and  granules,  as  other  basophiles."  Evidently,  as  re- 
gards the  metbylene-blue  stain,  nerve-fibrils  and  mitoma  (my 
canaliculi)  are  similar.  Again,  besides  the  plate  reproduce<l 
here,  GulIand  presents  two  colored  plates,  in  which  the  char- 
acteristic affinity  of  each  cell  for  stains  appears;  the  six  basophile 
leucoc^ies  stained  with  methylene-blue  (normal)  distinctly  show 
that  structures  which  stain  most  deeply  are  the  chromatic,  i.e., 
the  nuclear  mitoma;  then,  more  faintly,  the  cellular  mitoma. 
It  seems  clear  that,  as  regards  methylene-blue  stain  at  leasts  the 
conditions  arc/similar  to  those  of  nerves  as  far  as  the  mitoma — 
or  canaliculi — are  concerned. 

The  same  correspondence  exists  between  nerve-fibrils  and 
the  mitoma  when  haematoxylin  is  used.  We  have  seen  (page 
536)  that,  according  to  McCarthy,  the  rods  that  project  radially 
from  the  axis-cylinder  "stain  with  carmine  and  hematoxylin, 
which  do  not  stain  the  myelin."  The  fact  that  the  axis-cylinder 
takes  haematoxylin  hardly  needs  to  be  emphasized,  its  use  in 
histolofrical  laboratories  when  nenous  structures  are  studied 
being  second  only  to  pierocarmine  for  general  staining.  A 
l)eautiful  example  of  haematoxyl in-stained  human  cerebro- 
spinal and  sciatic  nerves  is  to  be  found  in  Clarkson's  "Histol- 
ogy," page  204,  for  instance.  All  the  eosinophile  leucocjies 
shown  in  the  annexed  plate,  in  which  the  nuclear  and  the  peri- 
nuclear granules  and  mitoma  are  so  clearly  defined,  were  stained 
with  Heidenhain's  iron-hsBmatoxylin,  which  only  differs  from 
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the  usual  solution  in  that  it  colors  the  cellular  elements  that 
take  it  a  dark  gray  or  black.  This  also  shows  that  it  is  not  only 
with  the  mitoma  of  basophile  leucocytes  that  the  staining  char- 
acteristics of  nerve-fibrils — i.e.,  plasma-containing  channels — 
coincide,  but  also  with  that  of  eosinophile  cells.  Even  Apathy's 
fibrils  are  recalled  by  the  effects  of  corresponding  stains,  for 
Senn  writes,**  referring  to  the  minute  anatomy  of  the  leuco- 
cyte :  *The  reticulated  structure  is  well  shown  by  staining  with 
chloride  of  gold,  which  stains  the  protoplasmic  strings,  but  not 
the  interstitial  substance.**  It  seems  quite  evident,  therefore, 
that  the  mitoma,  i.e.,  the  intracellular  and  intranuclear  net- 
works of  fibers  in  mature  leucocytes,  are  canaliculi  for  blood- 
plasma. 

Functional  Mechanism  op  the  Leucocyte. — I  have 
expressed  the  view  that  the  nuclear  canaliculi  open  into  a 
vacuole  which  surrounds  the  nucleus  (see  Fig.  14  in  Gulland's 
plate)  and  that  the  outer  wall  of  this  vacuole  acts  as  terminal 
for  some  of  the  canaliculi  of  the  cell-substance.  Although,  as 
suggested  by  Fig.  11,  the  canalicular  orifices  that  open  into 
the  vacuole  from  both  directions  may  correspond  (the  nuclear 
orifices  being  in  that  case  opposite  the  cellular  openings),  such 
is  by  no  means  always  the  case.  Indeed,  in  Fig.  16,  for  exam- 
ple, but  two  or  three  of  the  external  canaliculi  seem  to  be  con- 
nected with  tlie  vacuole,  while  this  cavity  serves  as  terminal  for 
all  the  intranuclear  channels — if  such  they  are. 

Is  tlie  connection  between  this  vacuole  and  the  exterior  of 
the  cell  direct  or  indirect:  i.e.,  through  separate  channels  lead- 
ing directly  to  the  exterior  orio  those  connected  with  the  astro- 
sphere's  syj^teiii  ?  That  the  communication  is  independent  of 
the  latter  is  emphasized  by  the  presence  of  granules  in  the 
path  of  all  canaliculi,  as  shown  in  Gulland's  plate.  A  contin- 
.uous  function  depending  upon  an  inflow  of  plasma  would  ob- 
viously be  in  constant  danger  of  arrest  were  the  granular  chan- 
nels centripetal  pathways.  Again,  in  all  leucocytes,  acidophiles 
as  well  as  basophiles,  the  nucleus  stains  in  the  same  manner, 
the  granules  alone,  as  we  have  seen,  showing  variations  in  this 
particular.  The  same  may  be  said  of  the  reticulum,  for  we 
have  seen,  bv  the  stainin<j^  reactions,  that  the  compounds  com- 

*'  Stnn:     "rrinclplea  of  Surgery,"  3d  ed..  1901. 
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posing  the  gnumles  are  Utthed  in  oxidizing  sufasUnoe,  Le., 
adrenoxidase.  This  unifonnitj  of  nuclear  and  cellular  fluids  in 
the  canaliculi  suggests  the  presence  of  a  Terr  commoD  medi- 
ani^m — one^  indeed,  which  must  serve  to  elimimait  its  oontenta, 
judging  from  the  fact  already  mentioned,  that  the  intracellular 
granules  increase  in  size  outwardly^  the  largest  granules  being 
at  or  near  the  surface.  A  common  centrifugal  canalicular 
system  again  suggests  the  presence  of  a  system  OMnmcm  to  all 
leucoc>tes,  whether  phagocytic  or  not,  for  the  introducticm  (not 
necessarily  of  particles  or  other  discernible  agencies)  of  more  or 
less  liquid  or  viscid  bodies  required  by  the  cell  for  its  own  nutri* 
tion,  or  connected  with  its  own  physiological  functions:  i.e.,  the 
elaboration  of  granules.  The  canaliculi  serving  only  for  the  cen- 
trifugal elimination  of  the  latter,  the  centripetal  paths  must 
penetrate  to  the  vacuoles  between  the  canaliculi,  or  ''threads^^ 
as  already  explained,  and  as  shown  in  MetchnikoflTs  plate. 
Fig.  5.  We  are  evidently  not  dealing  here  with  mere  inclusion 
or  pseudopodial  flowing  around  the  germs,  for  the  latter  may 
be  seen  to  penetrate  the  cell  between  the  granules,  and,  judg- 
ing from  Figs.  13,  14,  15,  and  16,  directly  into  the  perinuclear 
vacuole  itself. 

Is  the  cell  supplied  with  centripetal  canaliculi  in  addition 
to  the  centrifugal  system  which  I  believe  to  be  represented 
by  the  reticulum?  The  fact  that  micro-organisms  can  pene- 
trate directly  into  the  vacuole  between  the  external  layer  of 
granules  is  not  alone  to  suggest  that  such  is  the  case,  but  the 
manner  in  which  the  leucocv'te  takes  up  stains  likewise  does 
Fo.  As  can  readily  be  seen,  the  •  absorption  of  the  dye  by  the 
cell  occurs  without  involving  any  alteration  of  its  shape  which 
can  at  all  be  associated  with  the  process.  That  the  absorption 
cannot  occur  tlirough  the  visible  canaliculi :  i,e.,  those  that  take 
stain  because  they  constantly  contain  fluid,  is  rendered  very 
probable  by  the  presence  of  the  granules,  which  must  entirely 
close  their  external  orifices.  It  must  occur,  therefore,  through 
paths  presenting  some  analogy  to  the  pores  of  certain  sponges, 
which  allow  the  surrounding  water  to  pass  into  the  interior  of 
the  s})onge,  so  long  as  it  does  not  carry  any  harmful  products 
along  with  it  (Metehnikoff).  And  yet  the  fact  that  such  a  sys- 
tem of  channels  does  not  exist  ifl  shown  by  tlie  promiscuous 
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directions  taken  by  bacteria  in  penetrating  into  the  cell.  In- 
deed, their  bodies  are  not  directed  axially  toward  the  peri- 
nuclear vacuole;  they  seem,  once  within  the  external  layer  of 
granules,  to  point  in  almost  any  direction.  We  are  brought 
back,  therefore,  to  the  soft,  yielding,  protoplasmic  cell-sub- 
stance of  the  amoeba,  which  will  allow  liquids  to  transude  easily 
through  it,  and  the  more  dense  materials  to  cleave  their  path 
into  it  and  down  to  the  vacuole,  without  leaving  a  wound  behind 
them.  "On  introducing  pigeon  leucocytes  filled  with  anthrax 
bacilli  (to  which  the  pigeon  is  very  refractory)  into  bouillon,** 
says  Metchnikoff,  ^'bacilli  grow,  pierce  the  protoplasm  of  the 
cells,  and  form  well-developed  filaments,  showing  definitely 
that  the  bacilli  were  inglobed  in  a  living  condition."  We 
might  say  "ingest,"  however,  for  the  perinuclear  vacuole  asserts 
its  identity  as  a  digestive  organ — the  familiar  digestive  vacuole 
— in  several  ways:  i.e,,  as  a  cavity  in  which  all  the  materials 
that  supply  the  cell  with  functional  energy — i.e.,  with  life — 
are  drawn. 

Metclmikoff,**  referring  to  the  intracellular  digestion  to 
which  amoebae  submit  the  materials  they  ingulf,  writes  as  fol- 
lows: "A  closer  observation  of  the  group  of  protozoa  compels 
u^  to  the  conviction  that  this  digestive  function  must  play  an 
important  role  in  the  mutual  relations  of  these  lowly  organ- 
isms. Many  rhizopoda  and  infusoria  live  in  media  swarming 
with  other  unicellular  organisms,  including  bacteria.  The 
latter,  which  multiply  very  rapidly,  serve  as  food  to  many  of 
the  protozoa.  Thus,  various  amoebae  devour  bacilli,  which  un- 
dergo certain  definite  changes  in  the  interior  of  the  protoplasm. 
Without  altering  their  shape,  the  bacilli  acquire  the  power  of 
taking  up  solutions  of  vesuvin,  which  does  not  stain  these 
microbes  when  living  in  their  natural  conditions.  Since  pre- 
ciFcly  similar  changes  are  also  observed  in  the  interior  of  vorti- 
cella*  and  infusoria,  which  live  on  bacteria,  it  is  evident  that 
they  are  due  to  a  digestive  influence  exerted  by  the  contents 
of  the  protozoa."  This  conclusion  is  in  harmony  with  the  ob- 
per\'ation  of  B.  TTofcr*'  on  digestion  in  amoebae.  This  investi- 
gator lias  shown  that  "the  more  the  food  is  altered  in  the  in- 


*'  Metchnikoff:     "Lectures  on  the  Comparative  Patholonr  of  Inflammation,' 
translated  by  F.  A.  and  B.   H.   SUrling.  pp.   18  et  aeq.,  1891. 
**  B.    Hofer:      Jenaische    Zeitscbrift.    vol.    xxlv,    1889. 
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are  able  to  digest  the  substances  as  well  as  to  inglobe  them,  ajid 
to  reject  the  insoluble  residue." 

The  nature  of  the  digestive  process  has,  however,  remained 
obscure.  "The  bacilli  which  have  been  inglobed  by  leucocytes," 
continues  Metchnikoff,  "are  much  more  rapidly  digested  in  the 
case  of  mammals  that  are  either  naturally  refractory,  as  the 
dog  and  fowl,  or  have  been  rendered  artificially  immune  against 
anthrax  by  vaccination,  as  the  rabbit.  This  fact  is  shown  by 
the  researches  of  Hess,  as  well  as  my  own.  It  is  easy  to  follow 
the  digestion  of  many  other  microbes  within  the  leucocytes. 
Vacuoles  are  often  seen  to  form  around  the  bacteria  that  have 
been  swallowed,  just  as  we  have  noticed  in  the  digestion  of 
nutrient  material  by  the  protoplasm  of  the  protozoa  and  the 
myxomycetes.  I  have  been  able  to  observe  the  changes  under- 
gone by  the  spirilla  of  recurrent  fever  in  the  leucocytes  of 
monkeys,  as  well  as  those  undergone  by  the  vibrio  septicaemiaB 
in  the  leucocytes  of  immunized  guinea-pigs,  and  those  by  ery- 
sipelas streptococci  in  the  leucocytes  of  man,  etc.  We  are  at 
present  ignorant  of  the  precise  manner  in  which  this  digestive 
and  destructive  action  is  accomplished,  and  do  not  even  know 
whether  the  substance  which  kills  the  microbes  is  a  ferment 
or  not." 

Before  submitting  this  question  to  analysis  the  manner 
in  which  the  products  of  digestion,  both  the  nutritional  ele- 
ments and  the  excrementitious  products,  are  disposed  of  must 
be  ascertained. 

In  the  sponge  the  materials  rejected  by  the  phagocytes 
"and  which  collect  in  the  larger  efferent  canals,"  says  Metchni- 
koff, are  eliminated  "through  large  apertures  of  crater-like 
shape,  the  walls  of  which,  according  to  some  authors,  are  fur- 
nished with  muscular  fibers."  What  have  we  in  the  leucocytes 
to  fulfill  this  function:  i.e.,  to  represent  what  in  the  higher 
forms  constitutes  the  intestinal  canal?  This  appears  to  me 
particularly  well  shown  in  several  of  the  figures  in  Gul- 
land^s  illustration.  In  Fig.  10,  for  instance,  a  few  "fibers" 
— our  canaliculi — may  be  seen  to  project  from  the  inner  aspect 
of  the  line  which  to  me  represents  the  practically  empty  side  of 
the  vacuole.  The  same  arrangement  is  clearly  to  be  seen  in 
Figs.  11,  12,  13,  and  16. 
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the  gnrrounding  medium.  Evidently  at  least  some  of  the  gran- 
nies mnst  have  been  dropped  or  ejected  by  the  leucocytes,  and 
their  canaliculi  thus  freed  of  the  impediment  their  presence 
constituted. 

This  is  sustained  by  a  closer  examination  of  the  question, 
^the  purpose  of  Stokes  and  Wegefarth's  paper,  who  used  in 
their  researches  blood  taken  from  about  five  himdred  persons. 
The  granules,  when  observed  by  them  with  the  aid  of  artificial 
light,  "resembled  those  of  the  eosinophilic  or  neutrophilic  leu- 
cocyte.^' Kept  at  the  temperature  of  the  room,  the  latter 
showed  no  activity,  but  exposure  for  an  hour  to  a  temperature 
of  35**  C.  caused  them  to  become  active.  The  following  lines 
are  quoted  from  their  article:  "At  times  the  granular  leuco- 
cytes become  actively  amoeboid,  and  the  granules  within  the 
neutrophile  exhibit  a  characteristic  activity  which  might  be 
compared  to  the  swarming  of  bees  around  a  hive.  The  number 
of  fine  granules  free  in  the  plasma  is  perceptibly  increased. 
The  eosinophilic  granulations  also  show  a  less  vigorous  trem- 
ulous motion,  and  both  varieties  follow  the  changes  in  the 
direction  of  the  pseudopodia,  the  protoplasm  being  thrown  out 
first,  and  the  granules  following.  The  characteristic  dancing 
motion  of  the  granules  in  the  neutrophilic  leucocyte  can  be 
brought  out  very  plainly  by  simply  mixing  the  drop  of  blood 
with  an  equal  amount  of  distilled  water  containing  1  per  cent 
of  alcohol.  The  granules  become  very  active  and  present  a 
characteristic  picture/'     . 

"Can  these  granules  be  actually  seen  to  leave  the  leuco- 
cyte? It  is  certainly  not  easy  to  be  sure,  even  after  continuous 
observation  for  an  hour  or  more,  that  one  has  actually  seen  one 
of  these  granules  leave  an  amoeboid  leucocyte.  We  think,  how- 
ever, that  we  have  observed  this  phenomenon  upon  several 
occasions,  both  in  fresh  specimens  of  blood  exposed  to  35**  C. 
and  in  blood  to  which  1  per  cent,  of  alcohol  has  been  added.'* 
Farther  on  in  their  text  they  say:  "Many  fine  granules  can 
be  seen  in  the  clear  plasma  and  around  the  neutrophile,  and 
it  would  seem  that  occasionally  a  granule  leaves  the  active 
leucocyte  and  becomes  free  in  the  surrounding  fluid.'' 

Bail's  observation,  however,  that  the  granules  actually 
leave  the  periphery  of  the  cell  has  been  sustained  by  other 
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fibsonrcrv.  GuIIaml  refers  to  this  feature  of  the  problem  in 
the  following  M'ords:  ''It  has  often  been  remarked  that  the 
lar^e  i*elU  fIiow  a  great  tendency  to  leave  their  granules  behind 
thi'in ;  thus,  one  might  come  on  a  group  of  granules  while  the 
nearest  (i*ll  was  far  away.  Ballowitz  was,  I  tliink,  the  first  to 
(IcHJare  that  all  or  most  of  these  groups  of  granules  were  at- 
tarluHl  to  the  cell  by  fine  protoplasmic  bridges.  It  is  not  al- 
ways easy  Ur  show  this."  Gulland  then  says/  referring  to  a  fig- 
ure in  one  of  his  plates  (not  shown  in  that  reproduced  herein ), 
in  which  the  granules  are  evidently  disunited  from  the  cell: 
"In  the  cell  shown  in  Fig.  31,  which  was  so  isolated  that  there 
could  he  no  doubt  that  all  the  granules  represented  belonged 
to  it,  no  trace  could  be  made  out  of  threads  extending  from 
granule  to  granule.  They  are  probably  stretched  too  much 
to  allow  them  to  be  visible." 

The  absolute  separation  of  the  granules  from  the  cell  wit- 
nessed by  Bail  finds  its  complementary  confirmation  in  the 
nl>si*rvation  of  K.  B.  Sangree,**  who,  after  patient  watching, — 
sometimes  several  hours  at  a  time, — states  that  he  saw  "three 
«rninuh's  csiajH?  from  an  eosinophile  cell,  and  wander  away  until 
lost  under  rouleaux  of  red  corpuscles,  after  having  reached  a 
distance  of  some  six  diameters  from  the  parent-cell." 
"While  inside  the  cell,"  says  this  pathologist,  "these  granules 
had  participated  in  the  constant,  though  rather  sedate,  move- 
ments of  the  granule  mass, — l)ut  owing,  doubtless,  to  the  dilTer- 
enee  in  speoifie  gravity  of  the  containing  medium, — instantly 
upon  emerging  from  the  parent-cell  they  underwent  the  wildest 
possible  gyrations.  The  first  to  come  out  were  two  attached 
pole  to  pole,  and  these  rolled  frantically  over  each  other, 
pushed  this  way  and  pulled  that,  all  the  time  oscillating  widely 
and  rapidly,  yet  constantly  and  definitely  traveling  farther  and 
farther  from  the  cell,  until  finally  lost  to  view.  The  single 
granule  behaved  in  an  exactly  similar  way.  I  noticed,  too,  that 
before  l>eeoming  lost  to  view  the  motion  of  these  granules  had 
become  considerably  less  marked  and  approximated  more  that 
ordinarily  seen  in  these  bodies."  If  these  facts  are  considered 
as  a  normal  sequence  to  the  evidence  adduced  that  the  cellular 
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net-work  of  fibers  represents  the  secretory  system  of  the  leu- 
cocyte, it  seems  permissible  to  conclude  that: — 

The  granules  in  leucocytes  are  the  products  of  an  intracell- 
ular metabolic  process  and  represent  a  true  secretion. 

The  Physiological  Chemistey  of  Leucocytes. — A  fea- 
ture which  clearly  points  to  the  autonomy  of  the  nucleus  and 
of  the  net-work  of  canaliculi  in  all  leucocytes  is  the  uniformity 
with  which  they  all  stain  with  similar  dyes.  The  nuclear  can- 
aliculi and  granules  and  the  canaliculi  of  the  cell-substance  all 
take  the  aniline  dyes,  methylene-blue  and  methyl-green,  for  ex- 
ample: evidence  that  in  all  leucocytes  the  structures  mentioned 
must  find  in  the  adrenoxidase  a  source  of  energy  as  do  other 
organs. 

Beginning  with  the  nucleus,  with  what  chemical  body 
contained  in  this  part  of  the  cell  could  the  adrenoxidase 
initiate  and  sustain  a  reaction?  It  is,  of  course,  not  the 
composition  of  the  nuclear  granules  that  this  question  in- 
volves, but  that  of  what  might  be  termed  the  nuclear  ground- 
substance.  Foster  refers  to  this  substance  in  the  following 
words:  *^here  is  present,  in  somewhat  considerable  quantity, 
a  substance  of  a  peculiar  nature,  which,  since  it  is  confined  to 
the  nuclei  of  the  corpuscles,  and  further  seems  to  be  present  in 
all  nuclei,  has  been  called  nuclein.  This  nuclein,  which,  though 
a  complex  nitrogenous  body,  is  very  different  in  composition  and 
nature  from  proteids,  is  remarkable,  on  the  one  hand,  for  being 
a  very  stable,  inert  body,  and,  on  the  other,  for  containing  a 
large  quantity  (according  to  some  observers,  nearly  10  per  cent.) 
of  phosphorus,  which  appears  to  enter  more  closely  into  the 
structure  of  the  molecule  than  it  does  in  the  case  of  proteids.^^ 
We  evidently  have,  in  the  nuclein  of  the  nuclear  ground-sub- 
stance, a  body  which,  as  does  lecithin  in  the  myelin  of  nerves, 
myosinogen  in  muscles,  etc.,  enters  into  active  combination 
with  the  oxidizing  substance,  i.e.,  adrenoxidase,  and  the  resulting 
reaction  must  necessarily  yield  functional  energy,  as  elsewhere 
in  the  organism. 

The  character  of  the  reaction  which  the  simultaneous 
presence  of  nuclein  and  the  oxidizing  substance  within  the 
precincts  of  the  nucleus  sustain  is  clearly  suggested  by  the  kind 
of  dyes  taken  by  the  canaliculi  (both  of  the  nucleus  and  of  the 
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eellHFubsUnee)  and  the  perinnelear  racade.  E.  T.  WilluunBy^^ 
in  a  study  of  the  diemkml  ftoperiieB  of  lencocyteSy  refers  to 
this  feature  of  the  problem  in  the  following  words:  '^The  nn- 
clei  of  all  three  classes  stain  best  with  alkaline  dyes,  as  methy- 
lene-blue,  methyl-green,  or  dahlia.  They  are,  therefore,  acid.'' 
Farther  on,  he  says:  ^^e  have  seen  that  all  nuclei  are  add. 
They  owe  this  property,  without  doubt,  to  the  nudein  which 
they  contain.  Nuclein  is  acid.  When  boiled  with  alkalies  it 
yields  phosphoric  acid.  Phosphoric  acid,  it  may  be  remarked, 
is  the  only  mineral  acid  which  does  not  coagulate  albumin.  It 
is  the  presence  of  this  acid  undoubtedly  which  makes  nuclein 
acid.  According  to  the  experiments  of  Eossel,  quoted  by 
Vaughan  and  Novy/*  nuclein,  when  boiled  with  acids,  yields 
certain  organic,  albuminoid  bases,  as  adenin,  sarcin,  zanthin, 
spermin,  and  others.''  .  .  .  ^'We  must  conceive,  therefore, 
of  nuclein  as  some  sort  of  a  phospho-albumin  whose  composi- 
tion has  not  been  precisely  determined."  The  source  of  the 
various  chemical  bodies  involved  in  these  processes  is  shown  in 
the  following  lines  of  Professor  Foster's :  **The  ash  of  the  white 
corpuscles  is  characterized  by  containing  a  relatively  large 
quantity  of  potassium  and  of  phosphates,  and  by  bdng  rela- 
tively poor  in  chlorides  and  in  sodium.  But,  in  this  respect, 
the  corpuscle  is  merely  an  example  of  what  seems  to  be  a  general 
rule  (to  which,  however,  there  may  be  exceptions),  that,  while 
the  elements  of  the  tissues  themselves  are  rich  in  potassium 
and  phosphates,  the  blood-plasma  on  which  they  live  abounds 
in  chlorides  and  sodium  Falts." 

The  chemical  process  involved  may  easily  be  traced  with 
the  foregoing  factors  as  main  elements:  The  blood-plasma  (if 
the  views  already  submitted  are  sound)  evidently  reaches  the 
nucleus  through  the  intereanalicular  substance  of  the  cell-body; 
this  is  shown  by  the  fact  that  this  substance  likewise — ^though 
to  a  less  marked  degree — stains  with  methylene-blue.  Under 
ordinary  circumstances,  according  to  microscopical  evidence, 
the  perinuclear  vacuole  is  practically  collapsed :  i.e.,  its  nuclear 
wall  is  more  or  less  close  to  that  of  the  cell-body.  This  is  well 
shown  in  OuUand's  plate,  by  Pigs.   10  and  12.    The  nucleus 
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thus  bathes  in  blood-plasma^  and  its  canaliculi  become  filled 
with  the  latter  along  with  the  vacuole.  The  nuclein  of  the 
nucleus  under  these  circumstances  itself  bathes  in  the  plasma, 
being  thus  exposed  to  the  action  of  the  latter's  oxidizing  sub- 
stance or  adrenoxidase. 

Still,  this  suggests  the  presence  of  a  stream  of  plasma 
flowing  through  the  nucleus  itself,  with  the  canaliculi  as  emunc- 
tories.  The  contraction  and  retraction  of  the  canaliculi — or 
reticulum — to  which  OuUand  and  others  refer  represent  the 
only  mechanical  device  in  the  cell  by  means  of  which  the  vacuole 
can  be  drained. 

These  minute  vessels  probably  serve  as  continuous  chan- 
nels for  the  stream  of  plasma,  which  contains,  besides  the 
adrenoxidase,  the  alkaline  salts  necessary  to  the  intracellular 
process.  The  plasma's  adrenoxidase  and  the  nuclein's  phos- 
phorus, thus  brought  into  contact,  liberate  considerable  heat, 
and  the  alkaline  salts  in  the  plasma  then  take  part  in  the 
reaction  to  which  Williams  refers,  and  which  involves,  we  have 
'seen,  the  formation  of  phosphoric  acid  and  other  agencies  to 
which  I  will  presently  allude. 

We  must  not  lose  sight  of  the  fact,  however,  that  nuclein 
is  derived  from  nucleo-proteids,  and  that  during  the  oxidation 
process  waste-products  are  formed:  we  have  in  the  *^adenin, 
sarcin,  xanthin,  spermin,"  etc.,  to  which  Williams  refers,  a 
series  of  catabolic  products.  This  awakens  an  important  patho- 
logical feature.  We  have  seen  that,  when  nucleo-proteids  im- 
dergo  cleavage  in  the  organism,  the  process  involved  must  be 
brought  to  a  finish :  i.e.,  to  the  stage  of  phosphoric  acid  forma- 
tion. The  penalty,  if  completion  does  not  attend  the  series  of 
reactions,  is  the  presence  in  the  blood-stream  of  the  above- 
mentioned  purin  bases,  which  are  now  considered,  we  have  seen, 
as  the  source  of  the  so-called  "gouty  diathesis."  Slight  insuf- 
ficiency of  the  adrenal  system,  therefore,  by  reducing  the  adren- 
oxidase and  thyroiodase  in  the  blood,  must  inhibit  the  intra- 
cellular reactions  that  I  have  just  outlined,  thus  giving  rise  to 
this  disorder.  Or  the  injudicious  use  of  rich  foods,  by  sur- 
charging the  proportion  of  nucleo-proteids  taken  up  by  the 
cells,  may  lead  to  the  same  result  though  the  normal  proportion 
of  adrenoxidase  and  thyroiodase — the  latter,  we  have  seen,  play- 
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ing  an  important  role  by  sensitizing  the  phosphorus  to  oxidation 
— be  present  in  the  plasma. 

Another  phenomenon  which  appears  to  me  elucidated  by 
the  presence  of  the  adrenoxidase  of  the  plasma  is  the  manner  in 
which  worn-out  leucocytes  are  destroyed.  As  frequently  ob- 
served by  histologists,  each  of  the  varieties  may  be  seen  at  a 
given  time  to  become  "oxyphile,"  or  oxygen-loving,  and  to 
undergo  disintegration,  a  preparatory  step  to  proteolysis  here. 
Even  the  eosinophile  leucocytes,  which,  according  to  Metch- 
nikoff,*®  are  unable  "to  inglobe  foreign  bodies,  and  therefore 
cannot  act  as  phagocj-tes,"  are  destroyed  by  proteolysis.  The 
affinity  of  these  cells  for  acid  dyes  might  account  for  their  oxida- 
tion, however,  and  suggest  a  limit;  but  such  a  limit  does  not 
exist,  for  basophile  cells  also  yield  to  the  same  agency.  Indeed, 
Gulland,  referring  to  a  figure  in  his  colored  plate  which  gives  a 
vivid  illustration  of  a  cell  undergoing  disintegration,  describes 
it  as  follows:  "Degenerated  basophile  cell  from  the  mesentery 
of  newt.  Methylene-blue.'^  In  other  words,  an  eosinophile  is 
always  acidophile,  while  a  basophile  is  only  acidophile  when  it  is 
dead  or  about  to  die.  We  have  seen  that  methylene-blue  stains 
oxygen-laden  media;  hence,  the  adrenoxidase  is  evidently  an 
active  factor  (as  amboceptor)  in  the  destructive  process. 

It  seems  to  me  that  we  can  conclude  from  the  above  data 
regarding  the  physiological  chemistry  of  leucocytes,  or  white 
blood-corpuscles,  that: — 

1.  The  granules  tvhich  constitute  the  secretion  of  all  varie- 
lies  of  leucocytes  are  the  products  of  a  continuous  reaction  in 
the  nucleus,  in  which  the  nuclcin  of  its  nucleus,  the  materials 
ingested  by  the  cell,  and  the  plasmatic  adrenoxidase,  thyroiodase, 
and  alkaline  salts  take  part, 

2.  When  a  leucocyte  becomes  functionally  incompetent  it  is 
destroyed  by  proteolysis  in  the  blood-plasma. 

Classification  of  Leucocytes. — I  have  proceeded  as  far 
as  I  could  with  our  analysis  of  the  leucocytes  as  a  unit,  and 
it  now  becomes  necessary  to  ascertain,  if  possible,  the  functions 
of  the  various  types  which  histologists,  headed  by  Ehrlich,  have 
established  with  the  aid  of  staining  methods. 


*»  Metchnlkoff :     Loc.    cit.,    p.    115. 
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Kanthack  and  Hardy^^  not  only  give  a  clear,  though  suc- 
cinct, outline  of  the  various  varieties  of  cells,  but  they  empha- 
size features  of  the  problem  which  are  of  special  interest  to 
us.  After  briefly  reviewing  the  more  prominent  contributions 
to  our  knowledge  of  the  subject  since  Wharton  Joneses  mem- 
oirs, published  in  1846,  including  the  investigations  of  Rind- 
fleisch  (1863)  and  Max  Schultze  (1865),  they  write  as 
follows : — 

"After  Max  Schultze,  no  further  advance  was  made  or, 
indeed,  was  possible  in  the  histological  analysis  of  the  sporadic 
mesoblast,  until  Ehrlich,  in  1878,  furnished  a  rational  basis 
for  the  use  of  staining  reagents  by  his  far-reaching  discovery 
that  the  elective  affinity  of  certain  constituents  of  tissues  for 
particular  stains  could  be  referred  to  two  factors :  the  chemical 
nature  of  the  staining  substance  employed  and — a  point  too 
often  neglected  by  workers  who  have  followed  his  methods — 
the  nature  of  the  medium  in  which  the  stain  is  dissolved.*^^ 
Ehrlich  drew  particular  attention  to  the  granules,  the  pos- 
session of  which  characterizes  various  forms  of  wandering  cells. 
These  he  divided  into  five  classes,  differing  either  in  their 
special  affinity  for  bases,  acid,  or  neutral  dyes,  or  in  size.  The 
a  or  eosinophile  granulation  colors  only  with  acid  dyes;  the/iJ 
granulation  colors  with  both  acid  and  basic  dyes  (amphophile)  ; 
the  y  granulation  colors  only  with  basic  dyes,  and  the  individual 
granules  are  large;  the  5  granulation  colors  onJy  with  basic 
dyes,  but  the  individual  granules  are  small;  and  the  s  granu- 
lation colors  only  in  neutral  dyes. 

"The  nomenclature  of  the  granules  was  extended  to  the 
cells  bearing  them.  Thus,  the  various  forms  of  white  cells 
found  by  Ehrlich  in  blood  were:  I.  A  small  cell  free  from 
granules,  to  which  the  name  lymphocyte  was  given,  from  the 
fact  that  it  appears  to  be  developed  in  lymphoid  tissue.  This 
is  the  small,  non-amceboid  form  of  Max  Schultze.  II.  A  cell 
characterized  by  possessing  fine  granules  and  one  or  several 
nuclei.  This  is  by  far  the  most  numerous  form  of  white  blood- 
corpuscles  in  mammalia,  and  was  found  by  Ehrlich  to  be  neu- 
trophile  in  man,  and  amphophile  in  rabbits  and  guinea-pigs. 


"Kanthack  and  Hardy:     Loc.  cit.,  p.  82. 
"  All  the  italics  are  my  own. 
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III.  The  eosinophile  cell,  or  coarsely  granular  cell  of  Wharton 
Jones  and  Max  Schultze.  It  occurs  only  in  small  numbers  in 
the  blood  of  mammal  ia,  but  is  abundant  in  the  blood  of  lower 
vertebrates.  IV.  A  basophile  cell  with  fine  basophile  granules 
(  5  granulation). 

''The  mononuclear  amoeboid  cells  of  Max  Schultze  are 
apparently  grouped  with  the  neutrophile  cells-  by  Ehrlich.  In 
addition  to  these  forms  Ehrlich  describes  a  basophile  cell  with 
coarse  granules  ( y  granulation),  occurring  mainly  in  connective 
tissues  and  also  in  the  blood  of  frogs,  but  not  in  the  blood 
of  mammals.     These  he  calls  Tirfastzellen.'    .. 

^^From  what  we  have  said  so  far  it  will  be  seen  that  the 
group  of  finely  granular  blood-corpuscles  described  by  Max 
Schultze  includes  the  amphophile  and  neutrophile  and  the 
finely  granular  basophile  cells  of  Ehrlich.  Since  Ehrlich's  work 
no  contribution  to  our  knowledge  of  the  morphology  of  the 
wandering  cells  has  been  made  except  on  points  of  detail. 
Mention  must,  however,  be  made  of  the  group  of  cells  recog- 
nized by  MetchnikofP'  in  his  treatise  on  inflammation.  The 
term  leucocyte,'  originally  applied  by  the  French  school  of 
physiologists,  is  used  to  designate  wandering  cells,  and  the  fol- 
lowing varieties  are  ret*ognized:  (I)  lymphocytes;  (II)  mono- 
nuclear leucocytes  with  abundant  protoplasm  and  a  round 
nucleus;  (III)  polynuolear  leucocytes,  or  'leucocytes  neutro- 
philes';  (IV)  eosinophile  leucocytes." 

My  purpose  being  to  ascertain  the  physiological  functions 
of  the  various  types,  Ehrlich's  four  classes,  by  affording  defr 
inite  microcheniical  limits,  will  probably  prove  more  useful 
than  the  simplified  groupings  that  other  histologists  have  in- 
troduced, and  which,  by  reducing  the  number  of  divisions,  have 
tended  to  elTace  landmarks  that  can  serve  as  clues  for  research. 
I  will  preser\'e,  therefore,  Ehrlich's  classification,  and  try  to 
ascertain  whether  the  various  types  of  cell  do  not  differ  phys- 
iologically from  one  another  as  they  do  histologically. 

Lymphocytes  and  Hyaline  Cells. — The  first  cell  of 
the  Ehrlich  series,  the  lymphocyte,  seems  fully  entitled  to  the 
position  accorded  it  by  histologists  in  general :  that  of  a  leu- 
cocyte in  process  of  development.    The  cellular  substance  is 

**  Metchnlkoff:     Loe.  cit. 
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devoid  of  canaliculi  (or  mitoma)  and  of  granules^  although 
the  nucleus  itself  is  supplied  with  both,  and  is  evidently  func- 
tionally active.  Lymphocytes  are  considerably  smaller  (6  to 
6.5  fi)  than  leucocytes,  and  represents  less  than  one-fourth  of 
the  total  number  of  these  cells.  They  are  devoid  of  amoeboid 
motion.  Hyaline  cells  have  been  classed  in  the  same  category, 
the  cell-body  being  likewise  free  from  granules,  as  shown  in 
Gulland^s  plate.  Fig.  1.  Both  may  become  active,  however, 
before  complete  maturity  is  reached. 

Neutkophile  Leucocytes. — ^These  are  extremely  impor- 
tant members  of  the  leucocyte  family,  for  they  represent  fully 
three-fourths  of  the  white  cells  of  the  blood,  and  constitute 
Metchnikoff's  main  group  of  phagocytes.  They  are  termed 
^^eutrophile''  by  Ehrlich  because  their  granulations  stain  with 
both  acid  and  basic  dyes.  Their  reaction  to  acid  dyes  is  very 
much  less  intense,  however,  than  is  the  case  with  purely  aSido- 
phile  cells,  according  to  Kanthack  and  Hardy.  Their  gran- 
ules are  small  as  compared  to  those  of  other  acidophiles. 
Though  termed  "po'ynuclear'^  leucocytes  by  Metchnikoff,  the 
masses  thought  to  represent  as  many  nuclei  are  united  by 
thin  bridges,  thus  constituting  a  single  nucleus.  Especially 
is  this  likely,  since  the  only  other  type  of  cell  deemed  phago- 
cytic by  Metchnikoff  is  a  mononuclear  cell.  Gulland  contends 
that  no  shape  of  nucleus  is  invariably  associated  with  granules 
of  a  special  kind.  It  seems  evident,  therefore,  that  the  phago- 
cytic cells  are  only  distinguishable  by  their  affinity  for  alkaline 
dyes  and  a  slight  affinity  for  acid  dyes,  and  by  the  concurrence 
of  these  histological  properties  with  small  granules. 

Kanthack  and  Hardy,  who  refer  to  this  leucocyte  as  a 
^'finely  granular  oxyphile  ce!l,"  speak  of  it  as  follows :  "It  has 
a  very  limited  and  precise  distribution,  for,  imder  normal  con- 
ditions, it  is  entirely  absent  from  extravascular  spaces,  and 
occurs  only  in  the  blood, ^^  where  it  is  by  far  the  most  numerous 
corpuscle,  forming  20  to  70  per  cent,  of  the  total  number  of 
white  corpuscles.  The  fluctuation  in  this  percentage  is  prob- 
ably due,  in  the  main,  to  the  great  periodic  variations  in  the 
number  of  lymphocytes  present  in  the  blood.  Thus,  the  effect 
of  a  meal  is  to  cause  a  considerable  increase  in  the  number  of 
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lymphocytes  in  the  blood,  and,  therefore,  a  fall  in  the  share 
of  the  total  white  corpuscles  due  to  finely  granular  cells.  If 
this  disturbing  factor  be  eliminated,"  continue  these  investi- 
gators, "and  the  percentage  of  the  finely  granular  oxyphile  cells 
be  taken  of  the  adult  white  corpuscle  only,  this  is  found 
to  be  always  very  high :  in  man,  75  to  90  per  cent." 

Metchnikoff,  referring  to  the  phagocytic  properties  of 
these  cells,  writes  as  follows*^*:  "Even  outside  the  organism 
these  amoeboid  cells  readily  inglobe  a  large  number  of  foreign 
particles  with  which  they  may  come  in  contact,  and  they  may 
often  be  seen  literally  crammed  with  all  sorts  of  granules.  Like 
the  amoebsB,  they  swallow  not  only  inert  bodies,  such  as  gran- 
ules of  carmine  or  other  substances  that  are  insoluble  in  the 
fluid  surrounding  the  leucocytes,  but  also  a  large  number  of 
living  organisms."  This  is  merely  quoted  to  emphasize  the  fact 
thaf  the  leucocytes  differentiated  by  Ehrlich  from  all  others  by 
the  term  "neutrophile"  are,  irrespective  of  the  form  of  their 
nucleus,  the  wandering  cells  which  Metchnikoff  has  shown  to 
fulfill  the  physiological  function  he  has  termed  "phagoc}i;osis." 

The  Neutropiiile  Leucocytes  in  Assimilation. — ^The 
property  which  these  cells  so  strikingly  show:  t.e.,  their  ability 
to  ingulf  or  rather  ingest  substances  of  all  kinds,  seems  to  me  to 
suggest  that  they  are  intrusted  with  another  role  in  the  body : 
i.e.,  its  nutrition.  Macallum'^"  obsen^ed,  in  sections  of  intestines 
taken  from  animals  first  starved,  then  fed  upon  a  substance 
containing  albuminate  of  iron,  free  leucocytes  crowded  with 
granules  of  iron-pigments  in  the  intestine.  Some  of  these  cells 
appeared  to  pass  out  through  the  epithelial  cells,  while  others 
advanced  into  the  subepithelial  elements.  Macallum  also  found 
tliem  in  the  venules  of  the  villi,  the  spleen,  etc. 

We  have  just  seen  the  reference  of  Kanthack  and  Hardy 
to  the  "considerable  increase  in  the  number  of  lymphocytes 
in  the  blood,  and,  therefore,  a  fall  in  the  share  of  the  total 
white  corpuscles"  caused  by  a  meal.  Both  tliese  two  phenom- 
ena become  normal  events  instead  of  a  "disturbing  factor"  if 
tlie  process  of  digestion  includes  the  use  of  a  large  proportion 
of   adult  or   fully    developed   leucoc}i;es   to   transport   various 

»*  Metchnikoff:    TjOC.  eit.,  p.  115. 
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materials  from  the  intestinal  canal  to  various  parts  of  the 
organism.  It  is  evident  that  under  these  circumstances  the  im- 
mediate neoformation  of  lymphocytes,  and  their  rapid  growth, 
as  is  probably  their  wont,  to  the  state  of  mature  cells,  becomes 
a  sine  qua  non  of  continued  existence. 

Overlooking  the  possibility  of  such  a  function,  and  led  by 
his  own  hypothesis  to  ascribe  to  intracellular  processes  the 
presence  of  food-products  in  the  leucocyte,  Metclmikoff^*  writes: 
*The  digestion  of  proteid  substances  by  the  leucocytes  is  well 
shown  by  the  gradual  changes  that  take  place  in  the  muscular 
fibers  which  have  been  inglobed  by  leucocytes  in  cases  of  acute 
muscular  atrophy.  The  presence  of  peptone  in  leucocytes,  which 
has  been  so  often  proved  by  Hofmeister,  is  sufficiently  ac- 
counted for  by  this  fact  of  intracellular  digestion,  and  need 
not,  therefore,  be  referred,  as  done  by  this  author,  to  an  ab- 
sorption by  these  cells  of  the  peptone  formed  in  the  alimentary 
canal."  I  need  hardly  observe,  however,  that,  added  to  the 
foregoing  testimony,  Hofmeister's  view  seems  sustained. 

Indeed,  the  process  to  which  the  peptones  owe  their  pres- 
ence within  tlie  cell  is  not  difficult  to  trace,  if  the  latter's  me- 
chanical functions,  as  I  have  construed  them,  are  taken  into 
account.  The  presence  of  peptones  within  the  perinuclear 
vacuole  being  an  {iccepted  fact  (since  it  is  recognized  by  both 
investigators),  the  presence  therein  of  substances  from  which 
the  peptones  are  elaborated  must  be  accounted  for.  Metchni- 
koff  traces  these  to  products  of  degeneration,  as  suggested  by 
his  comparison,  and  perhaps  to  waste-products  of  digestion. 
ITofineister's  conception  differs  only  from  this  in  implying  a 
closer  or  more  direct  relationship  between  the  leucocytes  and 
the  intestinal  contents  of  their  host.  In  other  words,  while 
Hofmeister  associates  leucocytes  with  the  process  of  digestion, 
Metchnikoff  looks  upon  them  only  in  the  light  of  scavengers. 
That  phagocytes  may  fulfill  both  roles  is  obviously  suggested 
not  only  by  their  own  chemico-physiological  characteristics, 
but  also  by  their  itinerary  in  the  system.  Both  Hofmeister 
and  Metchnikoff  are  right,  therefore,  each  in  his  own  way. 

In    his    review    of    the    absorption    of    proteids    Stewart 

"Metchnikoff:    Lor.  Ht.,  p.  124. 

"  Stewart:     "ManUal  of  Physiology."  4th  ed.,  1900. 
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writes :  ^'Although  a  certain  amount  of  egg-albumin  and  other 
native  or  slightly  altered  proteid  substances  can  be  absorbed 
as  such  by  the  small,  and  even  by  the  large,  intestine,  there 
can  be  no  doubt  that  the  greater  part  of  the  proteids  of  the 
food  is  first  changed  into  proteoses  and  peptones.  But  proteoses 
and  peptones  are  absent  from  the  blood,  and,  indeed,  when  in- 
jected into  the  blood  they  are  excreted  in  the  urine.  When 
injected  in  larger  amount  they  pass  also  into  the  lymph,  from 
which  they  gradually  reach  the  blood  again,  and  are  eventually, 
as  before,  eliminated  by  the  kidneys.  The  clear  inference  is 
that  when  absorbed  from  the  alimentary  canal  they  must  be 
changed  into  one  or  both  of  the  chief  proteids  of  blood  and 
lymph  (serum-albumin  and  serum-globulin)  in  their  passage 
through  its  walls.  And  it  has  actually  been  shown  that  during 
digestion  of  a  proteid  meal  the  mucosa  of  the  stomach  and 
intestine  contains  proteose  and  peptone,  while  none  is  present 
in  the  muscular  coat  or  in  any  other  organ.  They  rapidly  dis- 
appear from  a  portion  of  the  mucous  membrane  kept  at  a  tem- 
perature of  about  40**  C.  outside  the  body;  but  not  if  it  has 
been  thrown  into  boiling  water  immediately  after  excision,  nor 
even  if  it  has  been  heated  at  60**  C.  for  a  few  minutes  and  then 
kept  at  40°  C.  Now,  a  temperature  of  60**  C.  does  not  destroy 
an  unorganized  ferment,  but  kills  a  living  cell.  The  regenera- 
tion of  the  proteose  and  peptone  must,  therefore,  presumably 
take  place  in  cells,  and  the  only  available  cells  in  this  locality 
are  those  which  line  the  intestine,  or  the  leucocytes  which 
wander  between  them.  Accordingly,  both  have  been  credited 
with  the  power  of  absorbing  and  transforming  these  sub- 
stances."'^* 

If  my  views  concerning  the  functions  of  the  epithelial 
cells  of  the  intestines,  as  submitted  in  the  seventh  chapter,  are 
sound,  they  subserve  an  entirely  different  function  from  that 
now  generally  ascribed  to  them:  i.e.,  that  of  supplying  the 
intestinal  tract  with  a  secretion  calculated  mainly  to  asepticize 
the  intestinal  contents.  On  the  other  hand,  I  showed  that 
the  lymph-follicles,  including  Peyer^s  patches,  supply  leuco- 
cytes, formed  in  the  cytogenic-area  of  the  follicles  (Flemming's 
central  nodule),  to  the  intestinal  cavity  through  the  fenestrated 

**  All  italics  are  my  own. 
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membrane  overlying  each  follicle.  As  the  inquiry  did  not 
afford  evidence  to  the  effect  that  all  these  leucocytes  served, 
to  insure  destruction  of  pathogenic  bacteria,  I  stated  that 
some  of  them  carried  out  this  function.  Indeed,  there  was  good 
ground  for  this  limitation,  for  I  had  already  referred  to  the 
iron-laden  leucocytes  observed  by  Macallum  and  had  been  led 
later  on  to  allude  to  those  charged  with  the  return  of  bilirubin 
to  the  circulation.  That  the  leucocytes  supplied  to  the  intes- 
tinal canal  by  the  cytogenic  follicular  areas  include  some — ^and 
probably  a  large  proportion — ^whose  functions  it  is  to  ingest 
proteids  with  the  iron  and  bilirubin,  then  re-enter  the  intes- 
tinal wall  by  way  of  the  villi,  is  very  likely.  To  the  various 
agencies  thus  incorporated  in  the  organism  can  now  be  added 
that  referred  to  by  Metchnikoff  in  the  sentence :  *The  presence 
of  peptones  in  leucocytes  which  has  been  so  often  proved  by 
Hofmeister.^'  While  this  contributes  further  evidence  to  show 
that  my  conception  of  the  whole  process  must  be  poised  upon 
solid  premises,  it  also  suggests  that  leucocytes  Ingest  proteids, 
and  not  peptones,  from  the  intestinal  canal,  because  peptones 
are  the  terminal  products  of  the  digestion  of  proteids. 

If  leucocytes  ingest  proteids,  these  must  accumulate  in 
their  perinuclear  vacuole  and  find  their  way  into  the  nuclear 
canaliculi.  These  cells  being  freshly  supplied  to  the  intestinal 
canal  from  the  follicles,  the  proportion  of  blood-plasma  in  them 
must  be  limited  when,  laden  with  proteids,  they  enter  the  ven- 
ules of  the  villi  to  find  their  way  to  the  portal  vein.  Even  in 
this  vessel  they  must  again  find  a  dearth  of  adrenoxidase, 
for  we  have  seen  that  this  channel  is  essentially  venous.  We 
must  not  lose  sight  of  the  fact,  however,  that  potent  additions 
to  its  contents  are  obtainable  here:  the  spleno-pancreatic  in- 
ternal secretion,  i.e,,  trypsin,  to  which  the  plasma  of  arterial 
blood  and  dextrose  may  be  superadded  when  the  precincts  of 
the  hepatic  artery,  i.e,,  the  hepatic  lobules,  are  reached. 

If  these  cells  do  take  up  proteids  and  other  bodies  utilized 
in  nutrition  or  in  the  building  up  of  various  organic  structures, 
their  own  canaliculi,  i.e.,  those  of  the  cell-substance,  must  serve 
as  the  eliminatory  channels.  In  other  words,  proteids  ingulfed 
by  the  leucocyte  must  be  submitted  to  a  process  of  digestion 
in  the  nucleus  and  its  vacuole,  and  the  products  be  passed  out 
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as  granules.  This  elevates  leucocytes  to  the  rank  of  glandular 
organs,  but  we  must  not  overlook  the  fact  that  glands  in  gen- 
eral supply  their  secretion  in  the  form  of  granules.  Beferring 
to  the  parotid,  for  instance,  Foster  speaks  of  the  secretion  as 
"generally  in  the  form  of  granules"  and  of  the  "granules" 
which  in  the  submaxillary  gland  "may  obscure  the  nuclei."  The 
granules  of  the  pancreas,  of  the  intestinal  epithelial  cells,  etc., 
are  also  familiar  examples.  Indeed,  all  these  granules  only 
differ  from  those  of  leucocytes  in  being  less  complicated  molec- 
ularly  and  smaller.  They  seem  to  me  fully  to  represent  a  true, 
cellular  secretion. 

What  is  the  nature  of  the  neutrophile's  secretion,  i.e.,  the 
composition  of  its  granules?  Milroy  and  Malcolm"*  state  that 
the  finely  granular  amphophile  (or  neutrophiles)  granules  "are 
usually  taken  to  be  proteid  in  nature,"  and  refer  to  the  fact 
that  Sherrington  had  suggested  that  they  might  be  "of  nucleo- 
proteid  nature":  a  view  which  their  own  researches  confirm. 
Under  the  action  of  alcohol  kept  at  boiling-point,  neither  fine 
nor  coarse  oxyphile  granules  were  dissolved;  ether  also  at  boil- 
ing-point gave  similar  results.  These  agents  being  then  used 
successively,  the  granules  remained  practically  unaltered :  a 
fact  which  leads  the  authors  to  conclude  that  the  granules 
cannot  consist  of  fat  or  lecithin.  Weak  alkaline  solution  at  115** 
to  120°  C.  almost  entirely  removed  the  granules  from  the 
finely  granular  cells,  "but  the  most  striking  feature  was  the 
persistence  of  two  structures,  the  nuclei  and  the  coarse  oxy- 
phile granules."  Solutions  of  sodium  carbonate  (V^  to  1  per 
cent.),  followed  by  careful  washing,  almost  entirely  removed 
the  fine  oxyphile  granules  in  from  one  to  sixteen  hours,  while 
the  coarse  ones  were  left.  Oxalic  acid  (0.4  per  cent,  in  alcohol, 
then  IVi-pcr-cent.  watery  solution)  entirely  removed  the  small 
granules,  a  few  of  the  coarsely  granular  oxyphile  cells  contain- 
ing pink-stained  granules,  while  others  were  vacuolated.  As 
a  result  of  these  tests  (which  should  be  read  in  extenso  in  the 
original  paper)  Milroy  and  Malcolm  write  as  follows :  "The  pos- 
sibility of  both  types  of  granules  consisting  of  the  same  kind 
of  organic  matter  either  differently  bound  or  with  organic  salts 
atached  in  such  a  way  as  to  alter  the  solubilities  is  certainly  a 

**  Milroy  and  Malcolm:     Journal  of  Physiology,  vol.  xxv,  1889. 
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strong  one.  That  it  is  not  simply  albumin  or  globulin  appears 
evident  from  the  comparatively  insoluble  character  of  both 
t}'pes  of  granules,  but  especially  the  coarse  oxyphile  ones. 
Again,  the  fact  that  the  fine  granules  are  not  only  oxyphile, 
but  also  basophile,  supports  the  view  that  they  are  composed 
of  a  complex  proteid  substance"^^  .  .  .  The  concordance 
of  these  facts  with  those  previously  recorded  appears  to  me 
conclusive. 

Milroy  and  Malcolm's  researches  not  only  seem  to  me  to 
give  neutrophile  granules  their  own  identity  (though  showing 
a  distinct  kinship  to  the  larger  acidophile  granules),  but  also 
to  emphasize  the  fact  that  these  minute  masses  of  proteid  sub- 
stance represent  the  end-result  of  the  intracellular  process  that 
occurs  during  the  journey  of  the  leucocytes  from  the  intestinal 
villus  to  the  general  circulation  via  the  portal  and  hepatic 
vessels. 

Is  it  only  in  the  cells  that  the  reactions  which  serve  to 
convert  proteids  into  assimilable  products  occur?  The  investi- 
gations of  Milroy  and  Malcolm  will  greatly  assist  us  in  eluci- 
dating this  question. 

In  their  first  article  on  the  "Metabolism  of  Nucleins"*^ 
these  investigators  say,  in  the  course  of  a  review  of  the  metab- 
olism of  the  nucleins  under  physiological  conditions:  *^^hen 
nucleins  are  taken  by  the  mouth,  the  first  change  that  they 
undergo  in  the  alimentary  tract  is  a  simple  solvent  one  in  the 
stomach,  and  that  only  to  a  very  slight  degree.  They  are  never 
split  up  into  their  constituents.  They  are  easily  broken  up, 
however,  by  the  pancreatic  secretion^^  into  an  organic  phos- 
phorus-holding acid  (not  nucleic  acid)  and  albumose  or  pep- 
tone. The  important  points  to  notice  are  that  the  phosphorus 
is  still  in  organic  combination,  and  that  neither  ortho-  nor 
meta-  phosphoric  acid  is  so  formed.  It  is  probable  that  the 
organic  phosphorus-holding  acid  so  formed  is  similar  to  thymic 
acid.  It  forms  soluble  compounds  with  albumose  and  peptone, 
and  is,  in  all  probability,  so  absorbed.  After  absorption  the 
bodies  derived  from  the  nucleins  cause  a  well  marked  leuco- 
cytosvt,  and  the  excretion  of  phosphoric  acid  in  the  urine  is 

•*  The  italics  are  my  own. 

*^  Milroy  and  Malcolm:    Journal  of  Physiolo^.  vol.  xxiii,  No.  3.  Julj  26.  1898. 

**  All  Italics  are  my  own. 
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increased.  Whether  a  hypoleuoocytosis  always  precedes  the 
hyperleucocytosis  is  difficult  to  say.  Almost  all  the  writers  on 
this  subject  have  emphasized  the  fact  that,  on  giving  nucleins 
by  the  mouthy  the  phosphoric  acid  excretion  in  the  urine  is 
increased;  but  they  have  omitted  to  show  that  this  excretion 
cannot  be  accounted  for  by  the  phosphorus  taken  in  the  form 
of  nucleins,  there  being  really  more  phosphorus  excreted  by 
the  kidneys  than*  was  present  in  the  original  nucleins/' 

Again,  as  a  result  of  a  series  of  experiments,  Milroy  and 
Malcolm  are  led  to  the  following  conclusions  among  others: 
^'1.  The  digestion  products  of  nuclein-holding  tissues^  nuclein 
and  nucleic  acid,  cause,  on  being  absorbed,  a  temporary  leuco- 
cytosis,  which  is  accompanied  by  a  rise  in  the  PfO,  excretion 
above  that  derivable  from  the  absorbed  phosphorus^  These 
alterations  are  especially  well  marked  after  giving  nucleic  acid. 
2.  The  alloxuric  bodies  are  excreted  in  excess,  after  nucleic  acid 
has  been  given,  and  in  all  probability  also  after  large  doses  of 
nuclein-holding  tissues  or  nucleins,  although  in  our  experi- 
ments, owing  to  the  small  amount  of  thymus  taken,  there  was 
no  distinct  increase.  3.  The  uric  acid  excretion  after  nucleic 
acid  was  only  slightly,  if  at  all,  increased.  We  were  exceedingly 
anxious  to  give  larger  doses  of  nucleic  acid,  but  were  unable  to 
do  so  because  of  certain  rather  disagreeable  symptoms  (severe 
muscular  tremors)  which  arose  after  the  larger  quantity  had 
been  given." 

The  augmented  phosphoric  acid  excretion  to  which  the 
authors  refer,  and  which  they  state  cannot  be  accounted  for 
by  the  phosphorus  taken  in  the  form  of  nucleins,  has  doubtless 
suggested  to  the  reader  as  primary  cause  the  increased  func- 
tional activity  of  the  adrenal  system  induced  by  the  phosphorus 
ingested:  an  interpretation  sustained  by  the  presence  of  severe 
muscular  tremors,  "which  arose  after  the  larger  quantity  had 
been  given."  Of  course,  phosphorus  here  acts  like  any  other 
toxic  as  a  stimulant,  the  anterior  pituitary  body  responding 
to  the  effects  of  organic  poisons  as  well  as  those  foreign  to  the 
system  as  a  chemical  entity. 

Still,  this  involves  the  necessity  of  showing  that  leucocytes 
are  themselves  the  seat  of  the  enhanced  metabolism  and  the 
source  of  the  excess  of  phosphoric  acid  to  whjch  the  muscular 
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tremors  are  due,  in  accord  with  my  previous  statements  to 
that  eflFect.  Again,  if,  as  I  have  suggested,  the  granules  rep- 
resent the  leucocytic  secretion,  an  excess  of  granules  must 
occur  under  the  influence  of  the  stimulation  of  the  adrenal 
system  induced.  That  such  is  the  case  is  shown  by  the  follow- 
ing casual  remark  of  Stokes  and  Wegefarth,**  who,  as  stated, 
based  their  studies  of  the  free  granules  derived  from  leucocytes 
upon  examinations  of  blood  taken  from  about  five  hundred 
persons:  "In  perfectly  fresh  specimens  the  granules  were  not 
numerous,  but  they  seemed  somewhat  increased  in  patients  who 
had  been  taking  tonica  or  various  alcoholic  drinks.'^ 

This,  in  turn,  involves  a  query  as  to  the  manner -in  which 
the  anterior  pituitary  body  becomes  primarily  stimulated  when 
nucleins  are  taken  in  excess,  for  it  would  seem  that  locked  up 
in  the  perinuclear  vacuole  of  the  leucocytes  their  phosphorus 
could  not  influence  the  adrenal  system  through  the  blood- 
stream. This  would  doubtless  hold  were  the  intracellular 
process  to  cease  at  any  time,  but,  as  this  must  begin  as  soon 
as  the  cells  enter  the  hepatic  capillaries,  after  acquiring  therein 
their  adequate  supply  of  adrenoxidase,  their  normal  production 
of  granules  must  start  at  once.  An  inordinate  proportion  of 
nucleins  in  the  food  soon  supplies  the  blood-stream,  through  the 
agency  of  the  cells,  with  an  abnormal  quantity  of  these  minute 
phosphorus-laden  bodies.  These  at  first  give  rise  to  excessive 
functional  activity,  including  among  other  signs  the  "severe 
muscular  tremors^^  to  which  Milroy  and  Malcolm  refer,  coupled 
with  an  excess  of  PjOg  production.  Persisted  in,  however,  the 
excessive  (relative)  ingestion  of  nucleins  brings  on,  as  do  other 
toxics,  adrenal  insufficiency,  which,  by  entailing  a  reduced  pro- 
duction of  adrenoxidase  and  trypsin,  upon  which  the  physio- 
logically perfect  intracellular  reactions  mainly  depend,  corre- 
spondingly lowers  the  efficiency  of  the  cleavage-processes.  This 
means,  instead  of  the  physiologically  perfect  granules  which,  we 
have  seen,  Milroy  and  Malcolm  found  to  be  proteid  in  nature, 
an  accumulation  in  the  blood  of  proteid  toxalbumins. 

In  their  first  paper,  the  above-mentioned  investigators 
draw  attention  to  the  two  decomposition  products  considered 
"as  more  or  less  characteristic  signs  of  the  decomposition  of  the 


•*  stokes  and  Wegefarth:    Loc.  cit. 
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nucleins,  viz. :  the  alloxur  bases  and  phosphoric  acid."  If  my 
conception  as  outlined  in  the  preceding  paragraph  is  justified, 
these  alloxuric  bases  are  products  of  inadequate  metabolism, 
while  phosphoric  acid  is  the  product  of  perfect  metabolism. 
Uric  acid  having  likewise  been  considered  as  a  product  of 
the  complete  process,  a  rise  of  alloxuric  excretion  cannot 
occur  along  with  excessive  phosphoric  acid  production.  That 
my  conclusion,  based  mainly  on  Horbaczewski's  work,  was  war- 
ranted, is  shown  by  what  Milroy  and  Malcolm  term  "points 
of  special  importance"  as  results  of  a  series  of  experiments, 
namely:  "1.  There  is  no  doubt  that  the  PjOj  excretion  is 
increased*  even  when  very  small  doses  of  thymus  are  given.  2. 
Kelatively,  also,  the  P2O5  is  increased  in  proportion  to  the 
nitrogen.  3.  With  the  small  amount  of  thymus  taken  there 
was  practically  no  appreciable  alteration  in  the  excretion  of 
the  alloxuric  bodies,  either  absolutely  or  relatively  to  the  total 
tiitrogen  or  total  PaOj."  All  this  serves  to  emphasize  another 
feature  of  the  problem :  i.e.,  that  phosphoric  acid  is  the  proto- 
type of  uric  acid  as  a  product  of  perfect  or  physiological  intra- 
cellular metabolism,  and  that  the  phagocytic  leucocytes  which 
take  up  nucleO'proteids  from  the  intestinal  food-products  are  the 
seat  of  the  reactions  through  which  these  bodies  are  converted 
into  assimilable  products. 

Altliough  I  have  only  dwelt  so  far,  as  regards  the  intra- 
cellular processes  with  which  nucleo-proteids  are  concerned, 
with  neutrophile  leucocytes,  these  are  not  alone  the  seat  of 
reactions  which,  normally  performed,  end  in  the  production  of 
uric  and  phosphoric  acids.  Indeed,  we  have  seen  that  all  leu- 
cocytes contain  nuclein  in  their  "nucleus" — a  fitting  name 
under  the  circumstances,  and  the  physio-chemical  process  re- 
viewed only  typifies  that  which  occurs  in  all  varieties  of  leuco- 
cytes. Wherein  the  neutrophile  cells  are  distinguishable,  how- 
ever, is  in  their  ability  as  phagocytes  to  take  up  nucleo-proteids 
from  the  intestine,  and  to  break  them  up,  by  means  of  the 
trypsin  and  adrenoxidase  subsequently  absorbed  by  them,  into 
peptone  and  an  organic  compound  containing  phosphorus. 

How  are  the  various  bodies,  the  presence  of  which  this 
suggests,  utilized?  The  presence  of  pancreatic  secretion  in  the 
intestine,  and  of  the  spleno-pancreatic  secretion  in  the  portal 
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vein,  would  suggest  that  the  leucoc}1;e8  must  be  carriers  of 
carbohydrates:  an  important  question  when  we  consider  the 
leading  functional  role  which  myosinogen  plays  in  muscular 
contraction.  Dextrose,  formed  from  glycogen,  itself  in  turn 
a  product  derived  from  starches,  forms  part  of  a  chain  of  events 
which  would,  in  a  measure,  have  to  occur  within  the  cell  itself. 
That  such  is  the  case  is  suggested  by  the  investigations  of 
Zabolotny,®^  who  found  that  phagocytes  devoured  particles  of 
starch-paste  and  digested  them :  features  which  led  this  in- 
vestigator to  conclude  that  "the  presence  of  an  amylolytic  fer- 
ment in  the  phagocytes  cannot  be  doubted."  But  Zabolotny 
likewise  states  that  when  leucoc}1;es  ingest  starch  they  become 
iodophile.  This,  as  is  well  known,  has  been  termed  by  Ranvier 
and  other  physiologists  the  "glycogen  reaction." 

Foster,  referring  to  this  question,  says:  "In  the  case  of 
many  corpuscles,  at  all  events,  we  have  evidence  of  the  presence 
of  a  member  of  the  large  group  of  carbohydrates,  comprising 
starches  and  sugars,  viz. :  the  starch-like  body  glycogen.  .  .  . 
This  glycogen  may  exist  in  the  living  corpuscle  as  glycogen,  but 
it  is  very  apt,  after  the  death  of  the  corpuscle,  to  become 
changed  by  hydration  into  some  form  of  sugar,  such  as  maltose 
or  dextrose."  Indeed,  he  furnishes  us  complementary  evidence, 
alluding  to  the  cellular  proteids  in  the  following  sentence: 
"One  of  these  proteids  is  a  body  either  identical  with  or  closely 
allied  to  the  proteid  called  myosin,  which  we  shall  have  to  study 
more  fully  in  connection  with  muscular  tissue."  I  have 
shown  that  myosin  is  the  post-mortem  product  of  the  action  of 
what  remains  of  oxygen  in  the  plasma  upon  myosinogen,  and 
that  this  is  the  cause  of  rigor  mortis.  Foster  says,  in  this  con- 
nection :  "And  we  have  reasons  for  thinking  that  in  the  living 
white  corpuscle  there  does  exist  a  body  identical  with  or  allied 
to  myosinogen,  which  we  may  speak  of  as  being  in  a  fluid  con- 
dition, and  which,  on  the  death  of  the  corpuscle,  is  converted, 
by  a  kind  of  clotting,  into  myosin,  or  into  an  allied  body  which, 
Ijcin^r  solid,  gives  the  body  of  the  corpuscle  a  stiffness  and 
rigidity  whicli  it  did  not  possess  during  life."  All  this  seems 
to  me  clearly  to  suggest  that  these  leucocytes,  in  the  light  of  my 


**  Zabolotny:    Russian  Archives  of  Pathology,  April,  1900. 
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i^^xmiitj^  t:^!  «rX"<»«>^iT^  XLiiK'^i.ir  exerdse,  bj  cicatiiig  a  demaiid 
f'/f  K;T'^:v>^*ii  in  trj<^  f*-;2«  ^^f  tS  mxisclce, — drflftil,  caniiar, 
TAJz-jjir,  *:t/:., — enz^fit'ler^  a  k^x-ocTtons  in  vfaidi  tiie  neotro- 
jAill*^  ljT*fr^il.  Tfxr  <iau  for  thi^  are  araflable  in  a  itiidT  of 
tliife  *ubjw't  by  K.  C.  I^rralje^,**  who  writes  as  followa:  *The 
j/ftp^r  !•»  \jAJi^l  on  a  rtudy  of  the  blood  of  four  of  the  ooDtestants 
in  the  li^^i/m  Athletic  Asgociation^s  Marathon  race  of  1901. 
Thif!  JK  a  njail-rar.-e  of  about  twenty-fiTe  mUes  (40  kilometerB) , 
hell]  ea^.'h  spring.  The  severity  of  the  contest  will  be  apparent 
wh*?n  it  is  naid  that  the  winner — not  included  in.  my  four — 
covcTial  the  distance  in  less  than  two  and  one-half  hours.  This 
is  about  U'U  rnilcK  an  hour^  about  as  fast  as  an  ordinary  man 
ridcfs  bin  bicrycle  for  jjleapure.  .  .  .  The  blood  of  these  four 
canes  f count<*d  by  tlic  autlior,  assisted  by  Dr.  W.  H.  McBain] 
hcfore  the  race  showed  no  abnonnalities.  The  percentage  of 
polyrnor|i}ionij(l<»ar  nciitropliilcs  may  perhaps  run  a  little  high^ 
hut  this  is  <o  Ik?  cxpccrtcd  in  active  young  men  in  the  best  pos- 
sibh'  pliyHi(!al  condition.  After  the  race  the  blood  was  taken 
irnnHMliati'lv.  witliin  five  minutes  from  the  actual  finish.  In 
every  ciimc  a  Icncocylosis  was  found,  varying  from  14,400  to 
i?vMM)().  The  (lilFcrcnlial  count  showed  that  the  increase  was 
tiittinli/  in  (he  polymorphonuclear  ncufrophiles" 

That  the  cxcilin^  cause  of  ilic  h'ucoeytosis  was  the  increase 
of  waste  produits  whieh  in  turn  stimulated  the  adrenal  system, 
hardly  nt»eds  (o  he  dwt»lt  upi>n.  Vagal  intluence  incited  to  in- 
ordinate activity  and  ct>nt rolled  the  organs  charged  with  the 
genesis  of  these  partitular  tn^lls,  wliilo  the  inordinate  oxidation 
prtH't^sscs  started  hy  the  overactive  adrenals  in  all  tissues  ac- 
nmnts  for  the  iie!\eral  leucocvtosis  which  the  word  **mainlv*' 
iu\p|jos. 

Muviinogt'ti  being  rt  mcn\hcr  of  the  globulin  group  of  pit>- 
teids»  the  other  n\en\bcr<  of  this  gr\n::^  shvnild  Iv  Tvpre$ented 
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among  the  cell's  products,  particularly  fibrinogen  found  in  the 
blood-plasma  in  association  with  serum-globulin  and  serum- 
albumin.  That  such  is  the  case  is  demonstrable.  Stewart*' 
alludes  to  the  sources  of  nucleo-proteid  in  the  following  words : 
^n  shed  and  clotting  blood,  the  only  possible  sources  of  nucleo- 
proteid,  so  far  as  we  know,  are  the  corpuscles  and  the  blood- 
plates.  The  red  corpuscles  we  may  at  once  dismiss,  for;  al- 
though they  contain  a  small  amount  of  nucleo-proteid,  not  only 
do  they  remain  intact  under  ordinary  circumstances  during 
coagulation,  but  there  is  the  strongest  evidence,  as  has  already 
been  pointed  out,  that  they  do  not  make  any  essential  contri- 
bution to  the  process.  We  have  left  over  the  leucocytes  and 
the  platelets.  The  latter  are  said  and  the  former  are  known 
to  yield  nucleo-proteids  when  they  are  broken  up  in  the  labora- 
tory; and  it  is  highly  probable  that  from  both,  but  especially 
from  the  white  corpuscles,  nucleo-proteid  is  liberated  in  the 
first  moments  after  blood  is  shed,  and  that  this  nucleo-proteid 
is  then  changed  into  fibrin-ferment/* 

The  relationship  between  the  cellular  nucleo-proteids  and 
fibrin  which  this  quotation  suggests  finds  itself  sustained  by 
Banvier,'^  who,  alluding  to  the  role  of  granules  in  the  forma- 
tion of  fibrin,  says:  "Free  granulations,  which  we  found  in  the 
blood  besides  the  red  and  white  corpuscles,  are  very  numerous; 
they  were  termed  ^elementary  vesicles*  by  Zimmermann.  In 
a  preparation  of  human  blood  examined  after  rouleaux  of  red 
corpuscles  have  formed  these  granulations  may  easily  be  ob- 
served, two  varieties  being  distinguishable.  The  first  are  spher- 
ical, small  droplets  of  fat;  the  others  are  angular  or  variable 
in  shape,  and  appear  at  first  as  if  they  were  fragments  of  white 
corpuscles,  but  differ  from  the  latter  in  not  being  altered  by 
water.  They  are  stained  by  iodine,  but  remain  colorless  in  car- 
mine solutions.  We  will  see  that  these  are  also  the  character- 
istics of  fibrin."  After  reviewing  the  phenomena  that  attend 
coagulation,  and  exposure  by  washing  of  the  fibrinous  net-work, 
he  says:  '^'^hen  this  preparation  is  examined  and  magnified 
four  hundred  to  five  hundred  diameters,  the  fibrinous  retic- 
ulum can  be  seen  distinctly,  and  is  disposed  in  a  very  interesting 


"Stewart:    Loe.  cit. 

*  lUoTier:     Lftc.  cit.,  213. 
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manner:  From  an  angular  granulation,  from  11  to  10  ^  in  di- 
ameter,  very  tenuous  fibrils  start  divergingly,  then  subdiTide, 
io  unite  with  other  fibrils^  in  order  to  form  a  delicate  net-woric 
The  preparation  is  covered  with  these  small  net-workfl|y  each 
of  which  has  its  central  granulation.  .  .  •  The  granula- 
tions which  serve  as  centers  for  each  diminutive  fibrinous  retic- 
ulum have  the  same  microchemical  properties  as  the  fibrils.'' 

A  normal  deduction  which  seems  to  me  to  impose  itself 
in  this  connection  is  that  fibrin  is  to  the  blood  what  myosin 
is  to  the  muscle-cellsy  i.e.,  a  post-mortem  product  due  to  arrest 
of  the  oxidation  process  which  during  life  is  insured  by  the 
adrenoxidase — the  supposed  "fibrin-ferment.''  In  other  words, 
it  not  only  becomes  probable  that  peptones,  myosinogen,  and 
fibrinogen  are  products  of  the  same  variety  of  leucocyte,  the 
neutrophile,  and  therefore  chemically  similar  when  liberated  from 
the  latter,  but  also  that  fibrinogen  subserves  the  same  purpose  in 
the  blood  that  myosinogen  does  in  muscle:  i.e.,  it  supplies  it 
with  its  primary  source  of  functional  energy. 

True,  the  solubility  of  fibrin  differs  somewhat  from  that 
of  myosin,  but  this  is  probably  due  not  to  a  diflFerence  in  the 
molecular  structure  of  fibrinogen  as  against  that  of  myosinogen, 
but  to  the  influence  of  the  medium  in  which  the  granules  are 
dropj)ed  by  the  leucocyte.  Indeed,  the  ashes  of  fibrin  contain 
a  larger  proportion  of  calcium  and  magnesium  phosphate  than 
does  myosinogen. 

Another  conclusion  which  now  seems  warranted  is  that 
ihc  neutrophile  leucocytes  are  the  agencies  which  take  up  proteids 
in  the  intestinal  canal,  and,  after  submitting  them  to  a  process  in 
which  various  physio-chemical  bodies  taken  up  by  them  in  the 
portal  and  hepatic  systems  take  part,  distribute  the  products  to 
every  part  of  the  organism,  including  the  blood  itself. 

Such  being  the  case,  the  proteids,  inclosed  in  their  diminu- 
tive carriers,  should  not  be  found  in  the  blood  of  the  portal 
system.  Foster  writes,  in  this  connection,  after  referring  to  the 
difficulties  attending  the  experimental  determination  of  the  path 
taken  by  proteids:  "Bearing  this  in  mind,  we  may  state  that 
all  observers  are  agreed  that  peptone  is  absent  from  chyle,  or  at 
least  that  its  presence  cannot  be  satisfactorily  proved.  On  the 
other  hand,  while  some  observers  have  succeeded  in  finding 
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peptone  in  the  portal  blood  after  food,  but  not  during  fasting, 
many  have  failed  to  demonstrate  the  presence  of  peptone  in 
the  blood  either  of  the  portal  vein  or  of  the  vessels  at  large, 
even  after  a  meal  containing  large  quantities  of  proteids,'* 
Again :  "If  an  artificial  circulation  of  blood  be  kept  up  in  the 
mesenteric  arteries  supplying  a  loop  of  intestine  removed  from 
the  body,  the  loop  may  be  kept  alive  for  some  considerable  time. 
During  this  survival  a  considerable  quantity  of  peptone  placed 
in  the  cavity  of  the  loop  will  disappear:  Le.,  will  be  absorbed, 
but  cannot  he  recovered  from  the  blood  which  is  being  used  for 
the  artificial  circulation,  and  which  escapes  from  the  veins  after 
traversing  the  intestinal  capillaries.  The  disappearance  is  not 
due  to  any  action  of  the  blood  itself,  for  peptone  introduced  into 
the  blood  before  it  is  driven  through  the  mesenteric  arteries  in 
the  experiment  may  be  recovered  from  the  blood  as  it  escapes 
from  the  mesenteric  veins.  It  would  seem  as  if  the  peptone 
were  changed  before  it  actually  gets  from  the  interior  of  the 
intestine  into  the  interior  of  the  capillaries.^'®*  Viewed  from 
my  standpoint,  the  peptones  are  hidden  in  the  neutrophile 
leucocytes  which  the  follicles  of  the  segment  continue  to  produce. 
These  cells,  after  migrating  over  the  serum-bathed  (and  thus 
constantly  asepticized)  epithelial  surface,  and  ingesting  their 
burden,  find  their  way  into  the  villi*s  venules  and  thence  into 
the  mesenteric  channels. 

If  the  foregoing  analysis  and  the  various  deductions  sub- 
mitted are  sound,  the  neutrophile  leucocytes  must  fqlfill  a  role 
in  the  organism  commensurate  with  their  relative  proportion 
in  the  blood-stream.  Indeed,  the  following  conclusion  appears 
to  me  to  have  been  sustained : — 

The  neutrophile  leucocytes,  through  the  intermediary  of 
their  granules,  the  ^  granulations  of  Ehrlich,  supply  (1)  the 
blood  and  all  tissues  (excepting  the  nervous  system)  their 
nutritive  elements:  i.e.,  peptones;  and  (2)  the  muscles  and  the 
blood,  the  compounds  from  which  they  obtain  their  mechanical 
energy  when  exposed  to  the  action  of  the  adrenoxidase :  i.e., 
myosinogen  and  fibrinogen. 

Ehrlich's  Eosinophile  Leucocytes. — Metchnikoff  does 
not  grant   EhrlicVs  eosinophiles   phagocytic  properties,   these 

^  All  italics  are  my  own. 
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cells  being  unable  to  inglobe  foreign  bodies.  Again,  as  empha- 
sized by  Ehrlich,  the  granules  of  these  cells  are  only  stainable 
with  acid  dyes^  the  other  varieties  either  taking  only  alkaline 
dyes  or  simultaneously,  as  does  the  neutrophile  just  reviewed, 
both  acid  and  alkaline  dyes,  etc.  This  marked  affinity  for  acids 
obviously  gives  the  eosinophile  an  identity  of  its  own,  while 
its  non-phagocytic  functions  as  clearly  separate  it  from  the 
finely  granular  cell  just  reviewed,  which  is  essentially  phago- 
cytic. Ehrlich's  eosinophile  is  usually  considered  under  the 
heading  of  "coarsely  granular  oxyphile  cell.^* 

These  cells  only  represent  from  2  to  4  per  cent,  of  all  the 
leucocytes  in  the  blood-stream,  but  this  proportion  is  rapidly 
increased  during  disease.  Kanthack  and  Hardy,  in  the  article 
previously  quoted,  describe  them  as  follows:  *The  coarsely 
granular  oxyphile  cell,  or  eosinophile  cell,  varies  in  size  in  dif- 
ferent animals,  not  only  absolutely,-  but  relatively  to  the  dimen- 
sions of  the  other  classes  of  cells.  In  man  it  is  larger  than 
either  the  hyaline  cell,  the  finely  granular  oxyphile  cell  or  the 
finely  granular  basophile  cell.  In  the  rat,  rabbit,  and  guinea- 
pig,  on  the  other  hand,  it  is  smaller  than  the  largest  hyaline 
cells,  but  larger  than  the  finely  granular  oxyphile  and  basophile 
cells. 

"The  nucleus  is  typically  an  elongated  body  bent  to  form 
a  horseshoe.  In  the  rat  the  arms  of  the  horseshoe  are  carried 
so-  far  round  that  in  film  preparations  the  ends  often  overlap, 
giving  to  the  nucleus  the  appearance  of  a  circle  with  a  large 
hole  in  the  center.  Sometimes  the  nucleus  is  lobed;  but  we 
are  inclined  to  regard  this  appearance  as  being  largely  due  to 
the  stresses  to  which  the  nucleus  is  subjected  when  the  cell  is 
dying.  In  the  living  cell  at  rest,  when  it  is  spherical,  the  shape 
of  the  nucleus,  so  far  as  it  can  be  determined  by  the  disposition 
of  the  cell-granules,  is  a  simple  horseshoe  or  crescent.  A  dis- 
tinct nuclear  net-work  is  present. 

'*  Cell-granules. — The  cell-granules  are  relatively  large, 
spherical,  or  slightly  ovoid  bodies,  and  are  sharply  marked  oflE 
from  the  cell-substance  by  their  very  high  refractive  index,  which 
is  so  great  that  in  fluid  preparations  the  granules  have  a  brilliant, 
greenish   luster,^^    The  cell-substance   in   which  they  are  im- 

**  All  italics  other  than  those  of  the  side  headings  are  my  own. 
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bedded  has  the  appearance  of  a  clear,  transparent,  etrncturelees 
jelly.  The  intensity  of  the  oxypbile  reaction  of  these  granules 
differs  in  diSerent  animals,  but  is  always  high.  Thus,  it  is  very 
high  in  the  case  of  the  grannies  of  man,  these  staining  vith 
eoein  disBolved  in  95  per  cent,  alcohol.     .     .  The  grannies 

also  stain  with  weak  acid  dyes,  such  as  Orange  Q,  hgematoxylin, 
and  sodium  sulphindigotate.  £hrUch-Biondi's  mixture  (washed 
out  with  95  per  cent  spirit)  colors  these  bodies  brown-purple, 
and  the  'neutral'  mixture  (washed  out  with  water)  stains  them 
a  very  intense  purple.  CorrosiTe  sublimate  increases  the  oxy- 
phile  reaction,  as  does  also  heat  when  applied  to  the  dried 
film." 

Gulland  found  Heidenhain's  iron-hiematoxylin  extremely 
valuable  to  counteract  "the  bright  refraction  of  the  granules" 
which  "blinds  the  eye  to  the  presence  of  the  threads"  (my 
canaliculi).  The  granules  are  stained  opaquely  in  shades  of 
black  and  gray.  He  was  thus  able  to  ascertain  that  the  gran- 
nies varied  greatly  as  to  size,  the  smallest  granules  lying  close 
to  the  astrosphere  and  the  larger  at  the  periphery,  the  arrange- 
ment pointed  out  by  Heidenhain  and  shown  in  Figa.  10,  12,  and 
16  of  GuUand's  plate.  In  the  newt's  blood,  as  already  stated, 
"these  cells  are  markedly  amoeboid,  and  have  the  bahit  of 
throwing  out  circular  pseudopodia,  which  are  often  connected 
to  the  main  part  of  the  cell  only  by  a  very  delicate  thread." 
Gulland  illustrates  this  feature  in  Figs.  3  and  6  of  his  plate, 
and  states  that  "it  is  evident  that  the  threads  are  often  broken 
through  and  the  spherical  portion  of  the  cell-body  set  free,  as 
the  blood  contains  a  large  number  of  them."  He  also  refers 
to  the  fact  that,  "when  the  eosinophile  cells  are  found  degen- 
.  erated  in  blood  or  pus  examined  in  the  fresh  state,  the  granules 
are  always  in  the  Brownian  movement." 

In  the  study  of  the  granules  of  neutrophile  cells  I  re- 
ferred to  the  chemical  analysis  of  Milroy  and  Malcolm  and  to 
various  points  of  dissimilarity  between  these  cells  and  the 
coarse  o\yphiles  now  in  question.  Considered  from  the  stand- 
point of  the  latter,  these  investigations  showed  that,  while 
aeither  alcohol  nor  ether,  nor  both  of  these  agents  used  suc- 
rively.  produced  alterations  in  either  variety,  the  failure  of 
nJatter  process  excluded  the  possibility  of  their  consisting  of 
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fat  or  lecithin.  Weak  alkaline  solutionB  at  about  120°  C.  caused 
(a  feature  referred  to  by  the  authors  as  striking)  the  removal 
of  practically  all  the  granules  of  the  finely  granular  cells  (the 
neutrophiles),  and  "persistence  of  two  structures,  the  nuclei 
and  the  coarse  oxyphile  granules."  Acetic  acid  in  alcoholic 
solution  and  oxalic  acid  caused  partial  removal  of  both  gran- 
ules, but  "sodium  ethylate  in  alcoholic  solution  removed  the 
fine  oxyphile  granules  almost  completely  and  only  affected  the 
coarse  ones  to  a  slight  extent." 

The  authors,  while  concluding  that  the  granules  might  also 
be  nucleo-proteid  in  nature,  i.e.,  similar  to  those  of  the  neutro- 
phile  cells,  account  for  the  discrepancies  in  the  results  of  their 
analyses  by  the  following  argument :  ^The  fact  that  weak  acid 
solutions  dissolve  both  types  of  granules  at  least  partially  is 
not  against  the  view  that  they  are  nucleo-proteid  in  nature, 
because  these  bodies  are  more  easily  soluble  in  weak  acid  solu- 
tions than  almost  any  other  complex  proteid.  The  fact  that 
some  granules  are  undissolved,  while  others  are  removed,  is 
probably  due  to  the  fact  that  the  former  have  undergone  coagu- 
lation, while  the  latter  have  been  rapidly  fixed,  although  it  may 
be  also  due  to  the  nature  of  the  salts  which  are  combined  with 
the  proteid." 

Still,  the  very  high  refractive  index  to  which  Kanthack 
and  Hardy  and  Gulland  refer  is  not  characteristic  of  the  neu- 
trophile  granules,  and  this  seems  to  me  to  testify  against  an 
absolute  functional  similarity  between  them  and  the  granules 
of  the  eosinophiles.  Indeed,  with  the  plasma  as  excipient  for 
the  adrenoxidase,  we  can  as  readily  account  for  the  presence  of 
the  "brilliant,  greenish  luster"  witnessed  by  the  above  authors 
as  we  can  for  the  phosphorescence  of  the  photogenic  organs  of 
lightning-bugs :  i.e,,  by  the  simultaneous  presence  of  phosphorus 
and  oxygen.  This  seems  to  me  to  indicate  that  we  are  dealing 
with  a  nucleo-proteid  body,  as  Milroy  and  Malcolm  contend,  but 
with  one  richer  in  phosphorus  than  that  forming  the  neutrophile 
granules. 

What  are  the  functions  of  the  eosinophile  leucocytes  in  the 
organism?  The  high  percentage  of  phosphorus  in  their  gran- 
ules suggests  the  possibility  of  their  being  lecithin  carriers; 
but  we  have  seen  that  the  investigations  of  Milroy  and  Mai- 
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colm  clearly  show  that  this  organic  body  is  absent.  L.  P. 
Barker/®  of  Baltimore,  noted  the  presence  of  iron  in  the  gran- 
ules of  the  eosinophile  leucocytes, — ^a  point  which  he  thinks 
may  be  of  some  value  in  determining  the  significance  of  the 
leucocytic  granulations, — but  we  cannot  consider  them  as  the 
cells  intrusted  with  transportation  of  iron  from  the  intestine, 
for  they  are  not  phagocytic.  Indeed,  it  has  now  become  evi- 
dent that  the  neutrophiles  are  intrusted  with  this  function,  for 
Macallum  used  albuminate  of  iron.  The  intestinal  leucocytes 
of  his  previously  starved  animals  evidently  took  this  substance 
up  as  tliey  would  the  proteids  of  their  usual  food.  Barker's 
observation,  however,  adds  another  link  to  the  chain  of  evi- 
dence which  unites  the  eosinophiles  to  the  neutrophiles,  for, 
in  addition  to  being  both  nucleo-proteid  carriers,  they  now 
become  also  iron  carriers.  By  tracing  the  itinerary  of  this  iron 
we  may,  therefore,  obtain  a  clue  to  the  true  identity  of  its 
cellular  host. 

The  phagocytes  seen  by  Macallum  to  ingest  the  albuminate 
of  iron  being  assimilated  to  those  charged  at  all  times  with 
the  duty  of  selecting  proteids  from  the  intestinal  foodstuffs,  it 
becomes  a  question  as  to  where  they  can  part  with  their  iron 
in  order  to  facilitate  its  absorption  into  the  haemoglobin  mole- 
cule, of  which,  as  is  well  known,  it  forms  an  important  con- 
stituent. From  the  intestine  the  iron  is  carried  to  the  portal 
system,  thence  into  the  hepatic  lobule.  It  must  be  here  that 
the  phagocytic  leucocytes  must  take  part  in  some  process  re- 
lated to  the  elaboration  of  luemoglobin,  for  we  have  seen  on 
page  335  that  in  the  spleen  the  leucocytes  are  formed  in  situ, 
pass  out  into  the  pulp-channels,  take  up  the  iron-pigment 
(probably  that  of  disorganized  red  corpuscles),  and  carry  it  to 
the  liver.  Again,  and  for  reasons  which  are  there  given,  I 
was  led  to  conclude  (page  339)  that  bilirubin  and  iron  were 
used  to  build  up  the  ha?moglobin  in  the  lobular  (hepatic)  capil- 
laries. The  liver,  therefore,  seems  to  receive  iron  from  both 
directions — intestine  and  spleen — a  normal  mechanism  when 
we  consider  that  the  liver's  blood  passes  almost  directly  to  the 
heart,  and  thence  to  the  lungs. 


^  L.  F.  Barker:    Johns  Hopkins  HospiUl  BuUetin.  Oct.  18M. 
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How  do  the  eoeinophile  (noti-phagoq^iic)  leucocytes  ac- 
quire their  iron?  We  can  hardly  imagine  that  when  the  splenic 
or  intestinal  leucoc^ies  reach  the  hepatic  lobule  their  contents 
or  any  part  thereof  is  disgorged  to  enable  another  cell  to  ap- 
propriate it.  Indeed,  there  is  not  the  slightest  evidence  that 
such  a  process  occurs,  although  the  eosinophile  has  already 
been  shown  to  contain  not  only  iron,  but  also  the  other  main 
constituents  of  the  neutrophile  cell.  There  e3d8ts  a  physiolc^- 
ical  process,  however,  through  which  the  eosinophile  can  ac- 
quire all  the  attributes  of  the  latter:  i.e.,  by  mitosis,  a  mode 
of  cell-multiplication  known  to  apply  to  leucocytes  and  par- 
ticularly to  neutrophiles.  Gulland  refers  to  this  feature  in  the 
following  lines:  *'The  cells  which  one  sees  dividing  or  about 
to  divide  have  generally  the  appearance  of  medium-sized  hy- 
aline cells,  with  a  relatively  large,  rounded  nucleus  and  a  com- 
paratively small  cell-body,  in  which  the  mitoma  is  not  easily 
made  out.  But  there  is  no  doubt  that  cells  with  horseshoe- 
shaped  nuclei  [the  eosinophiles]  divide,  and  that  the  nuclei 
may  even  advance  as  far  as  the  spirem  stage  without  altering 
their  shape.  Cells  with  more  markedly  polymorphous  nuclei, 
as,  for  instance,  the  ordinary  oxyphile  cells,  certainly  divide  also, 
but  they  seem  generally  to  go  through  a  preliminary  resting 
stage  in  which  the  polymorphous  nucleus  returns  to  the  rounded 
form." 

In  Gulland's  plate,  Figs.  3  and  6,  which  refer  to  eosino- 
philes from  newt's  blood,  graphically  portray  a  secondary  process 
through  which  these  cells  can  subdivide,  or  rather  yield  a  por- 
tion of  their  substance.  In  3,  a  spherical  pseudopod  is  in  the 
act  of  being  formed;  in  6,  three  similar  masses  appear,  the 
lowest  of  which  is  on  the  point  of  being  separated  by  the 
mother-cell.  Referring  to  the  bridges  that  connect  net-works 
of  granules  with  basophile  leucocytes,  Gulland  remarks:  "I 
have  little  doubt  that  when  that  stage  is  reached  [he  associates 
the  phenomenon  with  a  supposed  process  of  degeneration]  these 
bridges  are  torn  across  and  the  granules  are  actually  left  be- 
hind. This  forms  an  exact  parallel  to  what  happens  in  the 
eosinophiles  of  the  newt's  blood." 

It  thus  becomes  evident  that  reeo^ized  cytological  phe- 
nomena sustain  the  conclusion  that  neutrophile  leucocytes  are 
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the  parenUcelU  of  eosinophile  leucocytes,  and  that  eosinophiles 
can  part  with  segments  of  their  cell-substance. 

But  does  the  process  of  neutrophilic  mitosis  actually  occur 
in  the  liver?  M.  Duval/^  in  his  study  of  the  hsematopoietic 
functions  of  this  organ>  refers  to  the  proportion  of  the  red  to 
the  white  corpuscles  in  the  blood  of  the  portal  vein  as  com- 
pared to  that  in  the  hepatic  vein,  and  writes:  'Researches  in 
this  connection  give  as  result:  1  white  corpuscle  to  746  red  in 
the  portal  vein,  and  1  white  corpuscle  to  170  red  in  the  sub- 
hepatic  veins.  This  difference  can  only  be  due  to  a  production 
of  white  corpuscles  in  the  liver  or  to  a  destruction  of  red  cor- 
puscles." That  red-corpuscle  destruction  is  a  function  of  the 
spleen  is  sustained  by  the  presence  "in  the  spleen-pulp,"  using 
Foster's  words,  of  red  corpuscles  "in  various  stages  of  disor- 
ganization, some  of  them  lying  within  the  substance  of  large 
colorless  corpuscles,  and,  as  it  were,  being  eaten  by  them." 
The  presence  of  blood-pigments  in  the  liver  has  been  thought 
to  indicate  that  red  corpuscles  were  destroyed  in  this  organ; 
we  have  seen,  on  the  contrary,  that  it  is  the  seat  of  a  recon- 
structive process  of  which  haemoglobin  is  the  product.  Though 
the  liver  may  be  a  scat  of  destruction  for  red-cell  fragments, 
the  likelihood  that  any  entire  corpuscle  leaves  the  capillaries 
of  the  hepatic  lobules  to  penetrate  the  cells  is  so  remote  that 
it  can  be  left  out  of  question.  On  the  other  hand,  we  have  seen 
that  these  capillaries  are  the  seat  of  the  more  important  proc- 
esses connected  with  the  blood.  It  seems  probable,  therefore, 
that  the  liver,  owing  in  part  to  the  inordinate  temperature 
of  its  lobular  channels  (106**  F.;  41.9**  C),  is  also  the  seat  of 
the  mitotic  process. 

"At  a  certain  period,"  write  Bohm,  Davidoff,  and  Huber,^* 
"the  embryonic  blood  consists  principally  of  nucleated  red  cells, 
which  proliferate  in  the  circulation  by  indirect  division.  The 
colorless  blood-cells,  the  development  of  which  is  not  yet  fully 
understood,  appear  later.  It  is  possible  that  they  also  are  ele- 
ments of  the  blootl-islands,  which  do  not  contain  any  haemo- 
globin. In  a  later  period  of  embryonic  life  the  liver  becomes  a 
blood-forming  organ.     Kecent  investigations  have  shown,  how- 


"  M.  Duval:     "Coure  de  Pbysiologie."  p.  200. 
^Bdhm,  Davidoff,  and  Huber:    Iak:  cU.,  p.  1C8. 
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ever,  that  it  •inea  not  :ak^  a  tin^t  ;>art  in  die  formmtioia  dt 
the  hUwi,  hut  'miy  :4erv«^  iUi  an  ;irea  m  viiieii  the  bfood-^mrpma^ 
rJejf  pro^if^mU  •tuhntr  tlieir  :«iov  pa^^age  throogfa  vca  veaaela. 
The  blind,  .«#?-^'iif<»  '^ntUntjs  o^  f/»*»  c^noiu*  rapillariea  seem  to  be 

partirnlariy  aiiapted  for  this  purpoAe,  as  in  than  the  blood- 
current  .4ta4rnat«*s.  iimi  it  \»  here  tliat  the  greater  nnmber  of 
blcvnrf-cella  reveal  mitntic  dgnres.  The  newly  formed  elem^ita 
are  finally  itwept  away  by  the  biooti-^tream  and  enter  the  gea- 
eral  cirrulation." 

Gulland  Hkewi^  i>tatef«  that  the  enoinophile  ceQ  ia  deri^fcd 
from  the  -ftnely  granular  aoiilophile''   (the  neutrophile ) .   and 
the  latter  i«  it^lf  traced  bat^k  t*>  the  lymphocyte,    -The  transi- 
tion-forms  between  die  finely  granular  and  the  coarsely  gran- 
ular aoiilophile   eelld  are   :>een   much   more    fret:|uentlj   in    the 
bone- marrow  than   in  the  hlo^-Mi,"  -av'i  this  investigator,  ^and 
it  s^eema  certain  that  both  from  thi:?i  ^>urce  and  from  mitotic 
division  the  main  ^^urce  of  the  eo^inophile  cell:*  is  in  the  heme- 
marrow."    That  there  is  ample  margin  for  my  view  that  mitoeia 
may  octiur  in  the  liver  is  abo  suggej^ted  by  the  following  addi- 
tional  lines:     "^hev  must  arise  eUfwhen,  however,  in  abun- 
dnncfp  for  Schaffer"*  and  I**  have  :»hown  that  they  are  present 
in  the  thymus  and  in  lymphatic  glands  before  either  bone  or 
hone-marrow  is  properly  formed  at  all,  and   Engel'*  has  8e«i 
them  in  the  rhick's  blood  on  the  fifth  dav  of  incubation.     In 
the  tran.'aif ion- forms   (see  Figs.  2,  )^,  11)   there  is  little  in  the 
I  '/eneral  j»hape  of  the  cell  and  nurleus  to  di.'Stinguish  them  from 
thf  preceding  •^tage.'^     All   the  evidence  t^^nds  to  show,  there- 
fore, that  ih^.  proc^An  of  mitosif,  through  trhirh  eosinophile  leuco- 
ryieM  are  formed  from  neutrophile  leucorytea,  is  carried  on  in  the 
rapiJJnrien  of  the  hepatic  lobuleji,  though  it  ran  also  occur  else- 
v'here  in  the  organism, 

I  have  referral  to  the  direct  path  which  leucocytes  can 
follow  from  the  liver  to  the  heart  and  thence  to  the  lungs.  If 
eosinophihjs  are  formerl  in  the  liver,  therefore,  the  lungs  should 
show  indications  of  the  presence  of  thes<?  leucocytes.  Proof  that 
fiuch  is  actually  the  case  is  obtainable  with  the  aid  of  pathol- 


^*  Th#j  lUIIci  are  my  own. 

'•Sfhuffrr:  Ontrafbl.  fUr  die  mrd.  Wlsien..  1»1. 
^"Uullnnd:  Jnurniil  of  Path,  and  Dactfrlol..  1894. 
^Bofcl:     ArehiT  f.  mlkr.  Aoat.,  vol.  Ixiv,  ISM. 
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ogy:  i.e.,  the  significant  fact  that  in  several  pulmonary  diseases 
eosinophile  cells  are  to  be  found  in  the  sputum.  Teichmiiller/^ 
for  instance^  has  not  only  found  this  to  be  the  case  in  pulmo- 
nary tuberculosis,  but  considers  an  increase  of  these  cells  favor- 
able from  the  standpoint  of  prognosis.  In  asthma,  though  a 
non-ulcerative  process  is  present,  eosinophiles  are  to  be  found 
in  abundance  in»the  sputum,  and  Gollasch^"  states  that  they  are 
connected  with  the  formation  of  the  Charcot-Leyden  crystals. 
Lenhartz^*  states  that  "it  is  not  improbable  that  the  majority 
of  cells  designated  as  ^alveolar  epithelia'  are  variously  altered 
form^  of  leucocytes.  The  protoplasm  very  frequently  shows 
fine  or  coarsely  granular  fatty  metamorphosis,  which  is  charac- 
terized by  the  strongly  refractive  index/' 

The  irregularity  of  the  granules,  and  the  manner  in  which 
they  form  fibrin,  as  described  by  Ranvier,  and  the  peculiar 
color  of  the  granules  are  recalled  by  the  following  description 
of  the  Charcot-Iicyden  crystals  by  I^nhartz:  *The  Charcot- 
Leyden  cr}'stal8  are  delicate,  very  sharply  pointed  octahedra 
which  occur  in  very  variable  size.  They  present  a  sometimes 
water-clear,  transparent,  sometimes  a  slightly  yellowish-green, 
Bhine-wine  color;  they  occur  either  isolated  or  in  dense  col- 
lections which  here  and  there  are  jumbled  together,  or  in 
uniform  rows,  following  the  mucous  shreds.'*  The  same  author 
also  says:  "The  crystals  were  first  found  in  the  sputum  by 
Friedreich  in  croupous  bronchitis.  On  the  other  hand,  Ticyden 
has  drawn  attention  to  their  fre(|uent  occurrence  in  asthmatic 
expectoration." 

The  association  with  various  pulmonary  diseases  obviously 
suggests  that  their  presence  is  pathological,  whereas  we  con- 
sider their  presence  in  the  lung  as  normal,  and  their  elimination 
in  their  recognizable  form  as  an  accompaniment  of  the  morbid 
state.  That  such  is  the  case  is  shown  by  the  fact  emphasized 
by  Lenhartz  that:  "The  longer  the  asthmatic  subject  is  free 
from  paroxysms, — that  is,  the  more  time  allowed  for  the  fonna- 
tion  of  the  crystals, — the  more  densely  the  spirals  are  studdcnl 
with  these  crystals." 


^  Telctamailor:     Lenbartz's    "Manual    of    Clinical    Microscopy  "    translation 
by    ».    T.    Brooks.  1902. 

v^OoUascb:    FortschrJtte  dcr  Med.,  vol.  1889. 
*  Lenhartz:    Loc.  cit. 
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W±l^  ill  ibese  fjcG  rastUB  mj  opinion  that  the  Inngs 
sh«-v  AsipLe  «T:ii«»Qi.i?  of  th»  pmence  in  them  of  eoeinophile 
oell«  ino  '^f  xhviT  grannies,  their  identitT  as  offsprings  of 
izr  zi*;!itr  cciLe»  sht.MiIc  be  demonstrible  here,  as  dsevhere, 
:.:r  r^gh  :heir  frhemxal  properties.  Indeed,  their  identity  as 
*it--i:rr-.r;:s  of  n^arr-kpiiile  lencocrtes  does  not  disappear 
r<7-::  X  :h«  !uiu!5.  for  S>th  aeids  and  alkalies  ^n  disBolTe  them, 
vr.:!r  :i^  tc<t  cnmm*>n  to  both  nentrophile  and  eosinophile 
ZT^uiult^s.  t.'..  insoIubilitT  in  akohoL  is  also  applicable  here. 
LenLircz  !:••:  odIt  o^nfirms  this  aweition  bj  sajing.  in  refer^ 
tn^-e  ::«  thr  crr*tak:  "Ther  are  leadilj  dissolved  in  warm 
vdtrr.  av::*i5.  in  J  a'.kalie?*  bat  are  imsoimblf^  in  alcohoP;  but 
we  i!?<^.  it  !i«^m>  to  me«  can  consider,  as  confirmation  of  mt 
intrrpE>rtat:<<n  ••£  the  itientity  of  the  grannies  from  which  the 
rn-?tai<  weiv  ileriveiL  his  statement  that:  "^fixation  of  the  air- 
drinl  preparation  for  one  h«>ur  in  absolute  alcohol  and  snbse^ 
qut-nt  ftainin?  with  Chenzinskr^s  eo^a-methvlene-blae  solution 
al?o  siivt-*  verv  ei->od  results.'* 

All  these  facts  funher  c^xifinn  the  origin  of  the  eosino- 
phile ItucwMes  from  the  liver,  for  there  is  no  other  path  that 
woulil  have  brought  them  to  the  lungs.  They  also  seem  to  me 
to  intiii^te  that,  after  their  formation  6jf  mitosis  in  the  liver, 
f'cfin"j'hue  h^uiorutes  are  carried  to  the  pulmonary  lobules, 

Thi>  question  has  already  engaged,  the  attention  of  pathol- 
•  •i:i>t-,  inolujing  Virchow,  Wagner,  and  Cohnheim.  T^nhartz'e 
vitw  is  fully  sustained  by  my  own  investigations,  however, 
whin  he  says:  "It  is  not  impnihahle  that  the  majority  of  the 
rrlls  designate*]  as  'alveolar  epithelia'  are  variously  altered 
fnnns  of  leucocytes.  The  protoplasm  very  frequently  shows 
fine  or  coarsrly  granular  fatty  metamorphosis,  and  is  charac- 
terized hy  the  strongly  refractive  index/'  Again,  while  Len- 
hartz  expresses  his  belief  that  the  positive  identification  of 
the  "alveolar  epithelia''  is  "extremely  difficult,"  he  states  that 
he  understands  thereby  "the  large  oval  or  round  polygonal 
cells,  three  to  six  times  as  large  as  a  white  blood-corpuscle, 
which  are  found  in  almost  every  sputum.  The  usually  large 
cell-body  is  coarsely  granular,  and  contains  one  or  several 
vesicle-like  nuclei."     The  true   identity  of  epithelium   of  the 


•»  These  iUUcs  Are  Dr.  Lenhartz's. 
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alyeoli  and,  therefore,  of  the  lobule  of  which  they  form  part 
now  seems  clear,  if  interpreted  in  the  light  of  the  data  I  have 
submitted :  The  cells  to  which  Lenhartz  refers,  i.e.,  the  lobular 
epithelial  cells,  are  aggregates  of  the  polynuclear  neutrophiles 
and  of  the  daughter-cells  of  the  latter,  the  eosinophiles. 

We  have  seen  that  the  neutrophiles  start  from  the  intes- 
tinal canal;  that  Macallum  and  L.  F.  Barker  found  leucocytes 
gorged  with  iron  in  this  region,  and,  finally,  that  some  bilirubin 
at  least  is  recovered  from  the  intestine — obviously,  now,  by  leu- 
cocytes. We  have  traced  the  latter  from  the  intestinal  canal, 
through  the  portal  system,  liver,  hepatic  veins,  heart,  thence 
to  the  alveoli.  After  giving  the  formula  of  haemoglobin,  Foster 
writes:  "It  will  thus  be  seen  that  haemoglobin  contains,  in 
addition  to  the  other  elements  usually  present  in  proteid 
substances,  a  certain  amount  of  iron,  that  is  to  say,  the 
element  iron  is  a  distinct  part  of  the  haemoglobin  molecule,  a 
fact  which  of  itself  renders  haemoglobin  remarkable  among  the 
chemical  substances  present  in  the  animal  body.'*  Kanthack 
and  Hardy  noted,  as  previously  etated,  that  "in  fluid  prepara- 
tions the  granules  have  a  brilliant,  greenish  luster'* — ^a  charac- 
teristic of  fine  haemoglobin  crystals.  Haemoglobin  is  readily 
soluble  in  blood-serum,  as  are  the  granules,  we  have  seen. 
Ether  coagulates  haemoglobin;  it  caused,  in  Milroy  and  Mal- 
colm's experiments,*^*  the  granules  to  lose  a  part  of  their  re- 
fractive power,  even  when  boiling  ether  was  used.  The  proteid 
constituents  of  the  granules  of  the  neutrophiles,  myosinogen 
and  fibrinogen,  belong  to  the  globulin  group. 

This  recalls  my  statement  in  the  first  edition  of  this  work 
(p.  441),  in  respect  to  the  manner  in  which  the  heart-muscle 
was  nourished:  "Paradoxical  as  the  statement  may  seem,  I 
was  led  to  conclude  that  the  minute  granules  referred  to  on  page 
433'* —  a  general  outline  of  the  prevailing  views  concerning  the 
histology  of  the  myocardium,  in  which  the  minute  pigment- 
granules,  easily  seen  therein  microscopically,  are  mentioned — 
**were  actually  supplied  to  the  heart  through  the  intermediary 
of  leucocytes.  These  cells  were  found  to  migrate  from  the  liver 
(also  through  the  hepatic  veins)  to  the  inferior  vena  cava,  where 


"1  Milroy  and  Malcolm:    Loe.  cit.,  p.  112. 


078  DrmtXAL  tacftsnom  aicd  the  leuoocttbs. 

they  meet  the  adrenml  secretion  and  proceed  with  it  to  the  right 
ventricle." 

We  can  now  understand  how  the  grannies  of  the  nentro- 
philes  are  supplied  to  the  muscle-fiberB  by  quoting  another  of 
my  statements  (see  page  434)  concerning  the  distribution  of 
fluids  in  the  intimate  structure  of  the  heart:  ^'Fluids  can 
penetrate  through  the  maze  of  cellular  tissue  to  the  bare 
muscular  fibers;  the  sheaths  that  include  the  columns  or 
ctiains  of  muscular  bundles  afford  a  peculiar  system  of  canal- 
ization thnmirh  which  the  liquids  can  easily  gain  access  to  them. 
The  canals — the  lacunae  of  Henle — are  the  intervals  between 
the  i-olumns  of  secondary  bundles,  or  their  sheaths,  rather, 
which  are  placed  in  longitudinal  apposition.  Schweigger-Seidel 
and  Ranvier  having  observed  that  interstitial  injections  of  col- 
ored substances  penetrated  the  lymphatic  vessels,  the  lacunae 
have  been  considered  as  adjuncts,  or  extensions,  of  the  latter.'^ 
In  this  sense,  therefore,  the  Thebesian  channels  are  adjuncts  of 
the  l>Tnphatic  system,  for  it  is  through  their  intermediary  that 
the  lacunie  of  Henle*are  supplied  with  myosinogen  granules  and 
— a  feature  I  wish  to  emphasize — ^their  nutritional  peptones 
and  their  fibrinogen.  All  of  these  jointly  supply  the  heart  with 
its  working  energy,  when  acted  upon  by  the  adrenoxidase  of  the 
blixKl-streaira,  and.  as  is  the  ease  with  all  the  organs  previously 
rt»viewed,  by  the  thyroiodase  also  contained  in  the  red  corpuscles. 

The  bulk  of  the  venous  blood  which  enters  the  heart  is 
sent,  we  have  seen,  along  with  its  adrenal  secretion  and  its  leu- 
cocytes— neutrophile  and  eosinophile — ^to  the  lungs,  Virchow, 
Friedreich,  Leyden,  Cohnheim,  Wagner,  I^enhartz,  and  other 
investigators  having  found  them  in  the  sputum,  and  histology 
having  demonstrated  their  presence  in  the  alveoli.  Again,  the 
path  for  tliese  leucocytes  from  the  intestine  to  the  true  respira- 
tory areas  of  the  lungs  is  comparatively  direct:  features  which 
distinctly  suggest  that  the  protective  functions  in  the  respira- 
tory tract  resemble  those  in  the  intestinal  canal,  as  regards  the 
eosinophilic  granules  and  the  phagocytic  functions  of  the  neu- 
trophiles,  both  kinds  of  cells  being  present,  as  we  have  seen. 
Of  course,  the  intestinal  lymph-follicles  being  the  source  of 
these  cells,  another  arrangement  prevails  in  the  pulmonary 
lobules :  i.e.,  that  to  which  we  referred  on  page  713,  to  the  effect 
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that  the  lobular  epithelium  per  se  is  an  aggregate  of  neutro- 
philes  and  eosinophiles. 

We  can  readily"  understand,  now,  why  the  eosinophiles  de- 
plete themselves  of  their  granules  in  the  alveoli:  i.e.,  to  dis- 
solve them  in  the  plasma  prior  to  their  absorption  by  the  red 
corpuscles.  Indeed,  the  reticular  structure  of  red  corpuscles, 
**the  same  as  that  of  colorless  blood-corpuscles,^'*^  observed 
by  Louis  Elsberg  in  1879,  seems  to  me  to  present  all  the  fea- 
tures that  have  led  me  to  consider  as  canaliculi  the  threads  that 
constitute  this  reticulum  in  the  latter  cells.  That  the  red- 
corpuscle  "granulations,"  "platelets,"  or  '^aematoblasts"  de- 
rived from' them  are  mere  droplets  of  adrenoxidase  poured  out 
through  these  canaliculi  is  shown  by  the  fact  that  the  charac- 
teristic affinity  (requiring  oxygen  and  alkaline  salts,  according 
to  Ehrlich)  for  methylene-blue  again  appears:  i.e.,  as  manifested 
by  the  deep-blue  stain  which  we  found  in  other  structures,  the 
axis-cylinder,  neuroglia,  etc.,  and  in  the  leucocytes  themselves. 
This  fact  was  also  noted  by  Litten.®'  That  the  droplets  pass 
out  through  centrifugal  channels  in  the  cell,  and  that  the 
latter  presents  the  general  mechanical  characteristics  of  leuco- 
cytes, is  also  suggested  by  the  researches  of  Hirschfeld,**  who 
observed  that  the  %lood-plates"  are  first  seen  as  circular  disks 
occupying  the  center  of  the  cell,  then  move  very  slowly  toward 
the  periphery,  and  finally  drop  out  of  the  cell  through  a  minute 
aperture,  which  closes  up  again.  As  the  "plate"  leaves  the  cell 
the  external  portion  gradually  increases  in  size  and  is  connected 
with  the  rest  by  a  thread.  Several  of  these  may  leave  the  cell 
together  from  different  parts  of  the  periphery.  He  also  found 
them  to  stain  with  methylene-blue  and  hsematoxylin.  It  is 
evident  that  we  have  in  the  red  corpuscle  a  diminutive  nucleated 
sponge  capable  of  absorbing  haemoglobin  from  the  serum  of  the 
pulmonary  alveoli  and  of  dealing  it  out  in  the  blood-stream  as 
needed  bv  the  tissues. 

This  feature  and  the  functions  of  the  leucocytes  just 
described  introduce  complemental  factors  in  the  respiratory 
process  as  I  interpreted  it  in  the  second  chapter.    It  now  seems 


">  M.   L.    Holbrook:     "Proceedings  of  the  American   Microscopical   Society," 
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to  nic  that  the  whole  process  is  summarized  in  the  following 
coDchipions: — 

1,  The  true  respiratory  areas  in  the  pulmonary  lobules  are 
composed  of  the  alveolar  endothelial  plates  (the  nan-nucleated 
epithelium)  and  groups  of  eosxnophile  leucocytes  (the  nucleated 
epithelium)  interposed  between  the  former. 

J,  The  eosinophile  cells  are  the  bodies  in  which  hannoglohin 
is  formed  from  the  proteids,  bilirubin,  and  iron  absorbed  by 
their  parent-cells,  the  neutrophiles,  in  the  intestinal  canal. 

S.  When  the  eosinophile  leucocytes  reach  the  alveoli  from 
the  liver  via  the  heart  they  assume  an  orderly  arrangement  and 
alter  their  shape,  so  as  to  form  the  alveolar  epithelium. 

4.  The  eosinophile  leucocytes  supply  the  adjacent  plasma 
with  their  hamatin,  and  the  latter  is  absorbed  by  the  underlying 
red  corpuscles  along  with  the  oxygenized  secretion  (adrenoxi^ 
dose)  to  form  hcemoglobin. 

5,  Leucocytogenesis  being  governed  by  the  adrenal  system, 
the  main  factors  of  the  above  respiratory  process,  the  production 
of  eosinophile  cells  and  of  adrenal  secretion,  are  thus  dependent 
upon  the  functional  integrity  of  this  system. 

f).  The  neutrophile  leucocytes  which  accompany  the  eosino- 
phil es  migrate  from  the  capillaries  of  the  pulmonary  artery  to 
the  perialveolar  lymphatics,  and  supply  the  interlobular  struc- 
ture with  their  nutritional  and  functional  elements:  i.e.,  pep- 
tonrs,  myosinogen,  and  fibrinogen. 

7.  During  certain  diseases  neutrophile  and  basophil e  leuco- 
cijfes  way  also  penetrate  into  the  aiveoli  and  be  found  in  the 
sputum. 

The  BAsoniiLK  Leucocytes. — These  cells  show  the  di- 
vision into  two  groups,  '^finely  granular'  and  "coarsely  gran- 
ular," which  characterizes  those  just  reviewed.  They  seem  to 
differ  from  the  latter  in  every  other  way,  however,  for,  while 
these  are  amoeboid,  basophiles  are  not  considered  so  by  most 
histologists.  Gulland — rightly,  in  my  opinion — contends  that 
they  are,  the  variations  of  shape  that  they  show  and  the  man- 
ner in  which  they  are  scattered  throughout  the  body  being 
adduced  as  main  reasons.  The  nucleus  is  round,  oval,  or  kid- 
ney-like; is  less  clearly  differentiated  from  the  cell-substance, 
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and  stains  with  much  greater  diflSculty  than  that  of  the  neu- 
trophile. 

As  regards  their  distribution,  Ehrlich  and  Eanvier  found 
them  in  the  peritoneal,  pleural,  and  pericardial  cavities,  and 
also  in  the  connective  tissue,  but,  ad  emphasized  by  Kanthack 
and  Hardy,  the  cells  in  the  connective  tissue  differ  somewhat 
in  shape  and  size  from  those  in  the  three  cavities  mentioned. 
The  latter  investigators  also  found  the  coarsely  granular  baso- 
philes  "exceedingly  numerous  in  connective-tissue  spaces,  where 
they  form  sometimes  an  almost  complete  sheath  for  the  lymph- 
capillaries."  Their  distribution  furthermore  resembles  that  of 
the  eosinophiles  in  the  fact  that  they  are  relatively  very  scarce 
in  the  blood. 

The  chemical  characteristics  of  the  basophile  granules  is 
suggested  by  a  curious  phenomenon  which  is  especially  notice- 
able in  animals,  and  to  which  Kanthack  and  Hardy  refer  in  the 
following  words:  ^The  unstable,  or  explosive,  nature  of  the 
coarsely  granular  basophile  cells  in  certain  animals  is  one  of 
their  most  remarkable  characters.  In  the  rat  and  mouse  per- 
fect preparations  of  these  cells  may  be  very  easily  made,  but 
in  the  guinea-pig  and  rabbit  they  can  be  preserved  only  with 
the  most  rapid  fixation  by  heat  or  absolute  alcohol.  In  these 
animals  the  mere  exposure  of  the  coelomic  fluid  to  the  air,  or 
to  contact  with  a  cover-slip  for  a  few  seconds,  is  sufficient  to 
cause  their  complete  disappearance.  Cells  characterized  by 
great  instability  have  been  described  elsewhere  in  astacus***  as 
the  ^explosive'  cell  of  that  animal,  and  the  basophile  cells  of 
the  guinea-pig  and  rabbit  might,  with  equal  justice,  be  desig- 
nated the  explosive  cells  of  those  animals."  A  familiar  histo- 
logical fact  will  suggest  the  relationship  between  such  a  cell 
and  adrcnoxidasc.  Berdal,**  quoting  Kanvier,  says:  "The 
action  of  oxygen  or  of  the  air  may  be  observed  in  an  extremely 
simple  way:  A  lymph  preparation  which  has  served  for  the 
examination  of  ama?boid  movements  is  carefully  surrounded  with 
paraffin  and  set  aside  for  thirty-six  hours.  If,  at  the  end  of 
that  time,  the  lymphatic  cells  are  examined,  all  will  be  seen 
to  have  reassumed  the  spherical  form  and  to  no  longer  project 
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:«rer  Tir*?n  the  free  crannlet  derired  from  lenoo- 
:->  >*.'  krs  in«i  We^farth  reTiev  the  inTestigatiiMis  of  H.  F. 
M— 1-r.  -f  N-xrnjoer*  clinic-'*  This  ofaecrter  found  them  both 
:z  i:**!**-*!  AH*:  n<^rma!  blood,  and  deggribes  them  as  ^^lighly 
r-frA-.ii*»rr.  r.'un-i.  or  dumb-bell  fhaped  bodies  which  ahoir  a 
itn  :"j.  n-'-.r^ulAr  moTement,  but  no  independent  motion.'' 
WL-.n  :l.*".us:'.^:  in  I  per  cent-  o«mic  acid  *nhe  reaction  for  fat 
•i-:^^  no:  xxur."*  nor  tun  iher  be  diaoked  br  acetic  acid  or 
Kilwr.  An  :n:p*.^rtant  feature  in  connection  with  our  inquiry  is 
that  Miiller  i>  r^^>nle«l  as  suting  that  **he  does  not  consider 
them  a:^  Ehrlich'«  neutrophilic  granules  escaped  from  leuco- 
c\^e«/*  an^i  tl'iat  **the  neutrophilic  gramdes  are  dissolTed  by 
•iiluto  aii^'tio  a^-iil,  while  the  bodies  which  he  has  studied  are  not 
J  :>?«•: vt-ri  by  this  acid."  This  is  in  perfect  accord  witii  the 
chmiiial  analv<e$  of  Milrov  and  Malcolnu  who  foimd  that  acids 
(!ifcM>Iveii  i\»5inophiIe  granules,  and  with  the  observations  of 
L^nhartz  in  n?<|>ect  to  those  found  in  sputum.  Stokes  and 
W»;:efart!i  funht-r  emphasize  the  dissimilarity  of  basophiles 
IT" in  a»  :«]nphiU->  in  general,  as  viewed  from  my  standpoint^ 
whrn  ih- V  say,  doubtless  referring  to  Ranviers  interpretation 
of  the  puqMi:^^  of  the  granules  of  white  globules:  **They  are 
not  innii-rneil  in  the  formation  of  fibrin,  since  thev  remain  out- 
side  vf  the  lihrinous  net-work  or  are  onlv  aeci dentally  attached 
to  it."  We  thus  have  evident  to  the  effect  that  basophiles  are 
different  from  neutrophiles,  both  chemically  and  functionally. 
What  is  the  nature  of  these  granules?  Miiller  is  stated  to 
disbelieve  "tliat  they  are  tnie  particles  of  fat,  since  they  do  not 
give  a  reaction  with  osmic  acid/'  while  he  is  credited  with  the 
opinion  "that  they  may  be  bodies  resembling  fat,  but  which 
fail  to  show  the  osmic  acid  stain."  Indeed,  the  persistence 
with  which  this  characteristic  appearance  is  noted  by  investi- 
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gators  is  noteworthy.  Thus,  Kolliker,®®  Ranvier,**  Bizzorero,*® 
von  Limbeck,*^  and  Hayem^^  are  referred  to  by  Stokes  and 
Wctgefarth  as  having  also  observed  bodies  resembling  fat-gran- 
nies in  the  blood  of  normal  human  beings,  those  of  the  last- 
named  investigator  and  others  described  by  Schieflferdecker  and 
Kossel^'  also  as  fat-granules  being  thought  by  Miiller  to  be 
identical  to  those  observed  by  him.  That  they  are  {ai'like,  as 
thought  by  Miiller,  but  not  fat,  seems  clear. 

Miiller,  we  have  seen,  refers  (as  do  other  investigators)  to 
the  fact  that  these  granules .  are  ^'highly  refractive."  As  this 
sign  also  attends  eosinophilic  granules,  it  would  appear  to  have 
but  little  differential  value;  such  is  not  the  case,  however, 
when  this  property  is  jointly  considered  with  the  osmic  acid 
reaction,  for  we  have  here  the  two  main  distinctive  signs  of 
myelin.  "It  is  extremely  refringent,"  writes  Berdal,  referring 
to  the  latter;  and  he  also  alludes  to  the  familiar  fact  that 
"myelin  treated  with  osmic  acid"  stains  black. 

Still,  if  the  granules  are  composed  of  myelin,  the  active 
constituent  of  the  latter,  lecithin,  should  be  present,  since  we 
found  this  body  not  only  in  the  myelin  of  nerves,  but  also  in 
that  of  the  neuron  and  the  interior  of  the  dendrites.  That 
some  granules  do  contain  this  body  is  evident,  inasmuch  as 
Foster,  in  his  review  of  the  physiological  chemistry  of  white 
corpuscles,  writes :  "Next  in  importance  to  the  proteids  as  con- 
stant constituents  of  the  white  cells  come  certain  fats.  Among 
these  the  most  conspicuous  is  the  complex  fatty  body,  lecithin/* 
As  we  now  know  that  the  nuclei  of  all  leucocytes  are  similar  in 
composition,  this  can  only  apply  to  their  granules. 

This  involves  the  necessity  of  differentiating  between  the 
two  kinds  of  granules  present,  the  acidophiles  (neutrophiles  and 
eosinophiles)  and  basophiles.  Foster  points  to  this  distinction, 
it  seems  to  me,  when  he  says:  "next  in  importance  to  the 
proteids,"  etc.  The  basophilic  granules  are  evidently  not 
composed  of  nucleo-proteids ;  a  fact  which  eliminates  the  acido- 
phile  cells  and  their  granules.     Indeed,  we  have  confirmatory 
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evidence  that  it  is  not  the  latter  which  contain  lecithin  in  the 
following  allusion  to  both  kinds  of  acidophile  granules  by 
Milroy  and  Malcolm :  *The  fact  tliat  neither  alcohol  nor  ether 
dissolves  the  granules  excludes  the  possibility  that  they  consist 
of  fat  or  lecithin." 

How  do  basophile  cells  acquire  their  lecithin-building  con- 
stituents? As  is  well  known,  emulsified  fats  also  penetrate  the 
intestinal  villi,  but,  instead  of  entering  as  do  nucleo-proteids 
into  the  venules,  they  enter  the  lymphatic  circulation  directly, 
by  way  of  the  lacteals.  Are  they  absorbed  by  the  villi,  and  then 
by  the  lacteals,  or  are  they  also  taken  up  by  leucocytes  and 
carried  into  the  latter?  Inasmuch  as  the  lymph  contained  in 
the  lymphatic  vessels  is  itself  crowded  with  leucocytes  similar 
to  some  of  those  found  in  the  blood-stream,  we  must  first  ascer- 
tain whether  these  leucocj'tes  in  any  way  leave  the  lymphatic 
circulation  in  the  intestine  as  they  evidently  do  when  the 
l}Tnph-ducts  open  into  the  general  venous  system  at  the  junc-. 
tion  of  the  internal  jugular  and  the  subclavian  veins  on  both 
sides. 

It  may  prove  useful,  however,  to  recall  from  the  start  that 
the  so-called  "chyme"  and  "chyle"  represent  the  same  liquid, 
i,e.,  the  lymph,  and  that  these  terms  were  suggested  by  a  tem- 
porary quantitative  difference  in  the  constituents  of  the  lymph 
in  the  mesenteric  lymphatics,  which  are  greatly  increased  dur- 
ing the  process  of  absorption.  Again,  it  may  also  be  well  to 
refer  to  the  fact  that  lymph  is  merely  blood-plasma  practically 
devoid  of  red  corpuscles,  but  containing  lymphocytes  and 
coarsely  granular  basophile  leucocytes,  and,  besides,  minute  fat- 
globules  which  show  an  active  Brownian  movement,  though 
covered  with  a  thin  layer  of  protoplasm  to  prevent  their  run- 
ning together  as  fat-drops  are  wont  to  do. 

"Lymph  also  contains  fibrin,"  writes  Mathias  Duval,  ^^ut 
a  fibrin  which  is  slow  to  coagulate  spontaneously ;  indeed,  lymph 
removed  from  the  vessel  begins,  after  a  quarter  of  an  hour  or 
so,  to  harden  into  a  colorless  jelly,  from  which  a  reticulated  mass 
soon  becomes  separated,  as  does  blood-fibrin  undergoing  coagu- 
lation." The  cause  of  this  delay  seems  to  me  but  a  natural 
result  of  the  absence  of  both  varieties  of  acidophile  leucocytes, 
while  the  slow  coagulation  is  but  a  normal  consequence  of  the 
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fact  that  the  lymph  is  plasma  which,  though  derived  from  the 
blood,  and  deprived  of  neutrophile  leucocytes,  nevertheless  con- 
tains more  or  less  fibrinogen.  "More  or  less"  is  applicable  in 
a  double  sense  here,  for  lymph  taken  from  the  lymphatics  of 
the  extremities,  for  instance,  coagulates  more  rapidly  than  that 
taken  from  some  vessels  of  the  trunk.  Lymph  also  contains 
serum-albumin  and  serum-globulin  in  reduced  quantity,  aiul 
relatively  very  small  proportions  of  urea,  neutral  fats,  and 
sugar,  as  compared  to  the  blood.  Such  is  not  the  case,  however, 
as  regards  inorganic  salts,  which  are  present  in  the  lymph  and 
blood  in  similar  proportions. 

What  is  the  nature  of  the  process  through  which  fats  are 
taken  up  from  the  intestine  and  their  itinerary  in  the  blood- 
stream until  they  are  used  for  the  elaboration  of  basophile 
granules  ? 

Stewart,**  referring  to  the  nature  of  this  process,  says: 
'^The  common  view  has  long  been  that  the  greater  part  of  the 
fat  escapes  decomposition,  and,  after  emulsification  by  the  soaps 
formed  from  the  liberated  fatty  acids,  is  absorbed  as  neutral 
fat  by  the  epithelial  cells  covering  the  villi.  If  an  animal  is 
killed  during  digestion  of  a  fatty  meal,  these  cells  are  found 
to  contain  globules  of  different  sizes,  which  stain  black  with 
osmic  acid,  and  dissolved  out  by  ether,  leaving  vacuoles  in  the 
cell-substance,  and  are  therefore  fat.  It  has  always  been  diffi- 
cult to  explain  how  droplets  of  emulsified  fat  could  get  into 
the  interior  of  the  epithelial  cells,  and  yet  it  certainly  passes 
into  them,  and  not  between  them."  Foster  also  refers  to  this 
feature  in  the  following  quotations:  "It  has,  it  is  true,  been 
maintained  by  some  that  they  [the  neutral  fats]  pass  between^^ 
the  cells,  and  not  into  them,  but  the  evidence  is  distinctly 
against  this  view."  Alluding  to  the  rods  of  the  striated  border, 
he  says :  '^Ve  may  imagine  that  the  globules  pass  into  the  cell- 
substance  by  help,  in  some  way,  of  these  rods  through  amoe- 
boid movements  comparable  with  the  ingestive  movements  of  the 
body  of  an  amceba ;  but  we  have  no  positive  evidence  to  support 
this  view."  .  .  .  "Within  the  columnar  cell,  the  fat  mav 
be  seen,  both  in  osmic  acid  preparations  and  in  fresh  living 
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ivlls,  to  l>e  dupoeed  in  globules  of  rarious  sizea,  some  large  aud 
M>me  mialK  each  globule  placed  in  a  apace  of  the  protoplasmic 
ci*ll-8ul>8tance.  It  does  not  follow  that  the  fat  actually  entered 
the  cell  exactly  in  the  form  of  these  globules;  it  may  be  tliat 
the  fat  passes  the  striated  border  in  very  minute  spherules^ 
which,  reaching  the  body  of  the  cell^  run  together  into  larger 
plol)ules ;  Imt  whether  this  is  so  or  not  we  do  not  know." 

All  this  seems  pointeilly  to  suggest  that  the  epithelial  cells 
take  up  minute  fat-particles  to  submit  them  to  some  local  proc- 
ess.    I^ihm  and  von  Davidoff**  emphasize  the  feature  of  the 
priHt»S8   when   they   say,   referring  to  the   fat-globules    in    the 
epithelial  i^lls:     **It  schemed  most  probable  that  protoplasmic 
thn^ads  (pseudopoilia)  were  thrown  out  from  each  through  its 
cuticufar  zone,  which,  after  taking  up  the  fat,  withdrew  with  it 
again  into  the  cell.    But  when  it  was  shown  that,  after  feeding 
with  fatty  acids  or  soaps,  globules  of  fats  still  appeared  in  the 
epithelial  cells  as  before,  and  that  the  chyle  also  contained  fat, 
the  hypothesis  was  suggested  that  the  fat  is  split  up  by  the 
pancreatic  juice  into  glycerin  and  fatty  acids,  and  that   the 
fatty  acids  are  then  dissolved  by  the  bile  and  the  alkalies  of 
the  intestinal  juic»e,  only  again  to  combine  with  the  glycerin  to 
fonn  fat  mthin  the  epithelial  cells."     Stewart  further  states 
that  "'when  an  animal  is  fed  with  fattv  acids  thev  are  not  onlv 
absorbed,  but  appear  as  neutral  fats  in  the  chyle  of  the  thoracic 
duct,   having  combined  with   glycerin   in   the   intestinal   wall, 
and  the  epithelial  cells  contain  globules  of  fat,  just  as  they 
do  when  the  animal  is  fed  with  neutral  fat.'*     It  seems  clear, 
from  these  and  other  available  data,  that  the  epithelial  cells  of 
the  villi  ciipiure  fat-globules  from  the  intestinal  contents  and  if 
need  be  convert  this  fat  into  neutral  fats. 

We  have  seen,  however,  that  the  villi  also  take  up  the 
leucocytes  which  ingest  proteids.  It  is  important,  in  tliis  con- 
nection, to  clearly  distinguish  the  two  mechanisms  involved 
one  from  the  other.  Bohm  and  von  Davidoff  testify  to  the 
passage  of  such  cells  into  the  villi  by  stating:  "Leucocytes  are 
sometimes  found  within  the  epithelial  cells,  but  more  usually 
between  them,  and,  according  to  Stohr,  when  seen  in  these 
positions  are  in  the  act  of  migrating  into  the  lumen  of  the  in- 

"BAhm  and  von  Davidoff:    Loc.  cit.,  p.  256. 
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testine."  Stewart,  however,  remarks,  in  this  connection :  "Leu- 
cocytes have  been  asserted  to  be  the  active  agents  in  the  ab- 
sorption of  fats.  They  have  been  described  as  pushing  their 
way  between  the  epithelial  cells,  fishing,  as  it  were,  for  fatty 
particles  in  the  juices  of  the  intestine,  and  then  traveling  back 
to  discharge  their  cargo  into  the  lymph.  This  view,  however, 
is  erroneous."  It  is  erroneous,  but  only  in  one  respect,  in  my 
opinion,  i,e.,  their  direct  connection  witli  the  absorption  of 
fats,  for,  as  stated,  the  functions  of  these  wandering  cells  is 
to  carry  proteids  to  the  intravillous  venules.  These  do  not, 
therefore,  enter  the  intravillous  lacteals.  But  other  leucocytes 
penetrate  the  latter  with  the  neutral  fat-globules.  "Although 
the  leucocytes  do  not  aid  in  the  absorption  of  fat  from  the 
intestine,"  says  Stewart,  "they  appear  to  take  it  up  from  the 
epithelial  cells,  conveying  it  through  the  spaces  of  the  net-work 
of  adenoid  tissue  that  occupies  the  interior  of  the  villus,  to  dis- 
charge it  into  the  central  lacteal,  where  it  mingles  with  the 
lymph."  The  distinction  I  suggest  in  this  connection  appears 
to  me  to  remove  the  confusion  that  exists  in  the  literature  of  the 
subject.  Briefly,  my  conception*  of  the  process  is  as  follows: 
While  the  leucocytes  which  ingest  proteids  from  the  intestinal 
foodstuffs  pass  between  the  epithelial  cells  and  enter  the  venules, 
the  leucocytes  which  ingest  fats  only  carry  the  latter  from  the 
inner  limits  of  the  epithelial  cells  to  the  interior  of  the  lacteal, 
and  deposit  them  therein. 

Sir  ]ilichael  Foster  expresses  the  opinion  that  the  number 
of  leucocytes  found  to  contain  any  appreciable  degree  of  fat  is 
too  small  to  account  for  the  amount  of  fat  absorbed.  But  it 
seems  to  me  that,  if  these  only  transfer  the  fat  from  the  epi- 
thelial cells  to  the  lacteals,  the  to-and-fro  excursions  of  each 
cell  and  the  enormous  number  of  villi  over  which  the  food  of  a 
single  meal  has  to  pass  amply  compensate  for  the  apparent 
paucity  of  cells.  An  additional  reason  adduced  by  Foster  is  the 
fact  that  the  administration  of  a  saline  such  as  magnesium 
sulphate  "i)roduces  effects  the  very  reverse  of  absorption,"  these 
cells  beintr  present  in  unusual  numbers.  As  interpreted  from 
my  stand[)oint,  and  as  will  be  shown  when  the  action  of  purga- 
tives is  studied,  these  agents  greatly  increase  the  flow  of  serum 
.    into  the  intestinal  canal  by  reflex  action  and  crowd  its  walls  with 
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(Irfon^ivo  agoncies,  including  leucocytes.  We  are  dealing  here 
not  with  a  normal  process,  such  as  is  the  fat-absorbing  function, 
but  with  an  engorgement  by  protective  elements. 

The  axial  contraction  and  relaxation  which  occur  in  the 
villus  to  cause  its  various  contents  to  gravitate  into  their  re- 
s|HH'tive  i'hannols  may«  however,  be  instrumental  in  causing  fat- 
partii*li*s  that  have  already  passed  the  epithelium  to  enter  not 
only  the  lacteal,  but  the  venules  also,  fat-globules,  or  what  pur- 
|iorte<l  to  l)e  such,  having  been  found  in  the  blood.    This  fea- 
ture and  the  manner  in  which  fat-globules  reach  the  general 
lymphatic  oin>ulation  are  exemplified  in  the  following  lines  by 
Stewart:     •'The  ctmtraction  of  the  smooth  muscular  fibers  of 
the  villus  and  the  peristaltic  movements  of  the  intestinal  walls 
alter  the  capacity  of  the  lacteal  chamber,  and  so  alternately 
fill  it  from  the  lymph  of  the  adenoid  reticulum  and  empty  it 
into  the  lymphatic  vessel  with  which  it  is  connected.    By  this 
kind  of  pumping  action  the  passage  of  fat  and  other  substances 
into  the  lymphatics  is  aided.     In  the  dog  no  fat  is  absorbed 
by  the  blood-vessels,  except  perhaps  a  small  quantity  in  the 
form  of  soaps;  it  nearly  all  goes  into  the  lacteals,  and  thence 
by  the  general  lymph-stream  through  the  thoracic  duct  into 
the  hKxxl." 

An  interesting  feature  now  asserts  itself.  Again  are  all 
th(»  hasophiles  jmured  into  a  channel,  the  left  subclavian  vein, 
wliich  cin[)tiiv  into  a  large  venous  trunk,  the  superior  vena 
cava,  whiih  in  turn  carries  them  to  the  right  heart.  We  have 
practically  a  repetition  of  the  process  witnessed  in  the  case  of 
the  neutrophiles  with  the  exception  of  the  passage  through  the 
liver,  the  basophiles  being  directly  transmitted  to  the  heart, 
and  therefore  likewise  to  the  pulmonary  lobules. 

Indeed,  my  view  that  the  granules  of  these  cells  are  myelin 
st»ems  contirnied  in  this  connection,  for,  while  Lenhartz 
alludes  to  the  neutrophilic  granules  found  in  colorless  sputum, 
and  to  the  fact  that  the  sputum  of  asthmatics  contains 
•'numerous  eosinophile  and  quite  numerous  basophUe  leuco- 
e^ies,"  he  al!H>  n^fers,  when  reviewing  the  characteristics  of 
the  ctIIs  observinl  miorosci^pically  in  this  connection,  to  cells 
that  "pn>sent  wnsiderable  coarse  granulation,"  and  remarks: 
"Here,  however,  the  spherules  show  a  decidedly  dull  appear- 
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ance,  resembling  that  seen  in  crushed  nervc-suhsianccs.  For 
this  reason  they  were  designated  by  Virehow  as  myelin  drop- 
lets/* Moreover,  Lenhartz*^  publishes  a  colored  plate,  one  0/ 
the  figures  of  which  represents  what  he  terms  with  E.  Wag- 
ner **heart-lesion  cells"  found  in  the  lungs.  The  granules  of 
these,  he  says,  "are  similar  to  myelin,  and,  occasionally,  more 
refringent  than  fat/* 

Evidently  the  nervous  system  is  supplied  with  its  myelin 
precisely  as  the  muscles  are  supplied  with  their  myosinogen. 
Kanthack  and  Hardy  state  that  the  coarsely  granular  cells  are 
not  only  rare,  but  completely  absent  from  the  blood,  while  the 
finely  granular  are  relatively  rare  in  the  latter  except  some 
hours  after  a  meal.  "To  say  that  these  cells  are  found  in  the 
body  only  in  very  small  numbers,  being  confined  to  the  blood 
and  scanty  even  there,"  remark  these  investigators,  referring 
to  the  finely  granular  basophiles,  "is  probably  only  equivalent 
to  saying  that  we  are  at  present  very  ignorant  as  to  their  his- 
tory, distribution,  and  significance.  However,  since  we  find 
this  cell  in  the  blood,  but  do  not  find  it  either  in  the  coclomic 
fluid  or  in  the  interstitial  spaces  of  the  tissues  (except,  per- 
haps, in  those  of  the  mucous  coat  of  the  alimentary  canal) y  we 
must,  until  further  facts  are  forthcoming,  regard  it  as  the  baso- 
phile  cell  of  the  blood."  Still,  they  refer  to  the  coarsely  gran- 
ular cells  as  "occurring  only  in  the  extravascular  spaces"  and 
in  the  "interstices  of  the  connective  tissue." 

It  is  probable  that  we  have  in  the'  finely  granular  cell  the 
freshly  laden  cell  on  its  way,  when  in  the  blood,  to  its  normal 
habitat,  the  connective-tissue  spaces,  where  their  granules  de- 
velop into  their  normal  size.  Indeed,  Gulland  alludes  to  a 
basophile  cell,  represented  in  one  of  his  plates,  of  which  he 
says:  "The  leucocyte  was  seen  to  have  been  fixed  in  the  act  of 
passing  through  a  narrow  hole  between  two  bundles  of  connective 
tissue."  This  cell  is  furthermore  accompanied  by  a  large  num- 
ber of  granules  held  in  a  net-work  of  fibers,  which  the  cell 
appears  to  drag  along  in  its  travels.  It  is  of  this  variety  of 
leucocyte  that  Gulland  says :  "It  has  often  been  remarked  that 
these  cells  show  a  great  tendency  to  leave  their  granules  be- 
hind them,"  etc.,  and  the  one  which,  in  the  portion  of  this 

"  LenharU:    "MHuroskopie  uod  Cbemie  am  Krankenbett,"  1900. 
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section  devoted  to  a  review  of  the  general  properties  of  leuco- 
cytes, stands  pre-eminently  as  a  free-granule  producer. 

That  the  cell  in  migrating  from  the  vessels  and  passing 
through  connective-tissue  interstices  has  for  its  purpose  to 
reach  the  myelin-spaces  of  nerves  is  clearly  suggested  by  the 
manner  in  which  the  lymphatic  spaces  are  arranged  even  in  the 
finer  ramifications.  "In  its  course  Henle's  sheath  is  not  ap- 
plied against  the  nerve-tube/*  writes  Berdal**;  '^here  is  between 
it  and  the  nerve-tube  a  space  occupied  by  lymph-plasma  which 
has  for  its  purpose  to  supply  the  cylinder-axis  with  its  nutri- 
tion." If  this  statement  is  interpreted  from  the  standpoint  of 
my  views,  it  is  more  than  nutrition,  but  myelin-granules,  which 
insinuate  themselves — through  chemical  affinity,  doubtless — 
wherever  there  is  need  for  them :  i,e,,  wherever  their  consump- 
tion has  been  greatest.  "Medullated  nerve-fibers,  when  exam- 
ined,  frequently  present  a  beaded  or  varicose  appearance,'*  say 
Pick  and  Howden"*;  "this  is  due  to  manipulation  and  pressure 
causing  the  oily  matter  to  collect  into  drops,  and  in  consequence 
of  the  extreme  delicacy  of  the  primitive  sheath  even  slight 
pressure  will  cause  the  transudation  of  fatty  matter,  which 
collects  in  drops  of  oil  outside  the  membrane/'  Evidently  we 
are  not  dealing  with  a  fixed  mass,  but  with  one  made  up  of 
extremely  mobile  particles,  which  to  me,  at  leasts  represent  as 
many  basophile  granules.  If  the  space  between  Henle's  sheath 
contains  lymph  8iip])lied  with  myelin-granules,  what  is  the  dif- 
ference betwwn  a  nerve  thus  supplied  with  its  primary  source 
of  energy  and  a  "niediillated"  nerve?  None,  in  my  opinion. 
Such  a  nerve  a>s  a  non-meduUated  nerve  does  not  exist,  therefore, 
since  a  nerve  deprived  of  myelin,  if  interpreted  from  my  view- 
point, would  become  a  mere  plasma-channel. 

The  pathway  to  all  nerves  becomes  greatly  simplified  down 
to  their  terminal  ramifications,  it  seems  to  me,  in  the  presence 
of  Gul land's  observation  concerning  the  passage  of  a  basophile 
leucocyte  "through  a  narrow  hole  between  two  bundles  of  con- 
nective tissue."  Indeed,  "the  lymphatic  vessels  do  not  exist  as 
distinct  channels  in  the  interfascicular  connective  tissue,"  says 
J^erdal.     "There  is  no  lymphatic  vessel  in  the  thickness  of  the 

••Berdal:    hoc.  cit,  p.  152. 

••  Pick  and  Howden:    Loc.  cit.,  p.  1U7. 
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nervous  bundles  nor  in  the  sheath  surrounding  them  (Ran- 
vier).  The  circulation  of  the  lymph  in  the  interior  of  the 
bundles  is  insured  by  the  arrangement  of  the  interfascicular 
connective  tissue,  the  meshes  of  which  represent  lymphatic 
cavities  communicating  with  the  vessels  of  the  interfascicular 
tissue  through  holes  in  the  lamellar  sheaths."  On  the  whole, 
therefore,  it  seems  to  me  permissible  to  conclude  that : — 

1,  The  physiological  function  of  the  bnsophile  leucocyte  is 
to  convert  fats  derived  from  the  intestinal  foodstuffs  into  myelin^ 
granules,  and  to  distribute  the  latter  to  all  parts  of  the  nervous 
system,  including  the  brain. 

2.  The  basophile  leucocytes  thus  supply  the  entire  nervous 
system  with  the  lecithin-containing  compound  which  combines 
with  the  adrenoxidase  of  the  blood-plasma  of  axis-cylinders, 
neuroglia  fibrils,  etc.,  in  the  production  of  nervous  energy. 

The  different  varieties  of  leucocytes  reviewed  so  far  rep- 
resent, it  seems  to  me,  the  only  three  adult  functional  t}'pe8, 
the  lymphocytes  and  hyalines  being,  as  stated,  immature  cells. 
This  does  not  mean,  however,  that  the  latter  are  f unctionless ; 
indeed,  we  have  seen  that  when  an  active  process  is  initiated 
these  younger  cells  rapidly  increase  in  the  blood  and  intestinal 
tract,  to  replace  the  large  number  of  their  elders  that  have  dis- 
appeared to  take  part  in  this  process.  Their  development  must 
be  extremely  rapid,  therefore,  and  their  number  commensurate 
with  the  number  of  adult  leucocytes  brought  into  action, 
whether  this  be  to  distribute  (1)  the  neutrophilic  peptones, 
myosinogen-  and  fibrinogen-  granules,  (2)  the  eosinophilic  haem- 
oglobin granules  or  (3)  the  basophilic  myelin-granules. 

THE  FL^'CTIONS  OF  THE  LEUCOCYTES  IN  T^BIUNITY. 

As  the  studv  of  the  functions  of  these  cells  is  continued 
and  amplified  in  the  second  volume,  I  will  merely  incorporate 
in  this  section  a  few  brief  facts  based  on  the  data  submitted  in 
the  foregoing  pages  and  conclusions  based  on  a  study  of  the 
subject,  which  study  cannot  for  want  of  space  be  reproduced 
here. 

Metchnikoff  terms  "phagoc^ie"  any  cell  deprived  of  a  cell- 
ular membrane  and  capable  of  incorporating  bacteria  and  other 

4« 
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substances,  and  of  disintegrating  them.  In  the  blood,  certain 
leucocytes,  particularly  the  mobile  or  wandering  neutrophilic 
or  polymorphonuclear  forms    (the   "microphages"),   the   fixed 

ExPUiNATiON  OF  PuiTB.— Pig.  1.— Pfelffer's  phenomenon  occurring  in  the 
exudation  taken  from  an  untouched  guinea-pig.  the  exudation  haying  been  with- 
drawn ten  nynutee  after  the  injection  of  1  cubic  centimeter  of  bouiUon  containing 
one  loopful  of  a  culture  of  Constantinople  cholera  and  0.04  cubic  centimeter  of 
preventive  aerum  (of  the  itrength  of  Vs  milligramme).  Staining  with  methylene- 
blue.    /,  Lymphocytes.    Ocular  3.    Vu  Zeiss. 

Fig.  2.— Mass  of  granules  placed  around  a  collection  of  leucocytea.  Exuda- 
tion of  a  guinea-pig  withdrawn  nine  minutes  after  the  injection  of  1  cubic  centi- 
meter of  bouillon  to  which  had  been  added  a  third  of  a  culture  of  Oriental- 
Prussia  cholera  and  O.M  cubic  centimeter  of  preventive  cholera  serum  of  goat 
(strength.  0.0002).    Ocular  2.    D.  Zeiss. 

Fig.  8.— Granular  leucocyte  surrounded  by  a  sone  of  vlbrtonic  granules. 
The  exudation  was  withdrawn  twenty-five  minutes  after  the  peritoneal  injection 
of  one-tenth  of  an  agar-agar  culture  of  Massowah  vibrio.    Ocular  2.   Vis  Zeiss. 

Fig.  4.— Two  mononuclear  leucocytes  surrounded  by  granules;  a  lym- 
phocyte (0  and  a  red  blood-corpuscle  (A)  from  the  tame  exudation.    Same  power. 

Fig.  5.— The  same  cells  after  remaining  for  three  and  one-half  hours  at  26*. 

Fig.  6.— Five  polynuclear  leucocytes  from  the  exudation  withdrawn  four 
minutes  after  the  Injection  into  the  peritoneum  of  a  guinea-pig  (highly  vacci- 
nated and  prepared  with  3  cubic  centimeters  of  bouillon)  of  1  cubic  centimeter  of 
bouillon  with  one-third  of  an  agar-agar  culture  of  Oriental -Prussia  cholera,  n. 
Nucleus  of  a  crushed  macrophage.  Staining  with  methylene-blue.  Ocular  3. 
Vai  Zeiss. 

Fig.  7.~Mononuclear  leucocyte  filled  with  Courbevole  cholera  vibrios. 
Peritoneal  exudation  of  a  guinea-pig.    Ocular  8.    Vu  Zeiss. 

Figs.  8  and  9.— Two  polynuclear  leucocytes  from  the  same  exudation.  The 
vibrios  stained  gray  in  the  plate  are  vibrios  in  the  eosinophlle  stage.  Ocular  8. 
Vu  Zeiss. 

Figs.  10  to  14.— Various  phases  In  the  formation  of  cultures  of  cholera 
vibrio  (Oriental  Prussia)  within  leucocytes.  Hanging  drop,  stained  with  methy- 
lene-blue, of  the  exudation  of  a  guinea-pig  hypervaccinated  for  almost  six  months 
and  prepared  with  3  cubic  centimeters  of  bouillon.  The  exudation  was  with- 
drawn four  minutes  after  the  peritoneal  injection  of  one-third  of  an  agar-agar 
^  cholera  culture  placed  in  1  cubic  centimeter  of  bouillon  and  kept  at  88".  Ocular 
3.    Vu  Zeiss. 

Figs.  16  to  18.— Various  phases  in  the  formation  of  cultures  of  the  Kiel  red 
bacillus  within  leucocytes.  The  hanging  drop  was  kept  for  twenty  hours  at  17* 
and  was  made  with  the  exudation  from  an  hypervaccinated  guinea-pig  prepared 
with  an  injection  of  3  cubic  centimeters  of  bouillon.  The  exudation  was  with- 
drawn four  minutes  after  the  introduction  Into  the  peritoneum  of  the  Kiel 
bacilli.    Ocular  3.    '/u  Zeiss. 

Figs.  19  and  20.— Two  consecutive  phases  of  a  culture  of  Kiel  red  bacilli 
grown  from  within  a  polynuclear  leucocyte  in  a  hanging  drop  of  peritoneal  ex- 
udation. The  drop  was  prepared  from  the  exudation  of  an  hypervaccinated 
guinea-pig,  withdrawn  three  hours  and  fifty  minutes  after  the  injection  of  Kiel 
bacilli  into  the  peritoneum,    n,  Nucleus.    Ocular  2.    Vis  Zeiss. 

endothelial  and  connective-tissue  cells,  those  of  the  splenic  pulp, 
and  the  large  lymphocytes  of  the  blood  ("macrophages'*)  are 
endowed  with  this  property.  Precisely  as  do  the  familiar  amoebae, 
BO  do  these  phagocytes  ingest  bacteria  and  assimilate  them.    An 
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animal  is  immune^  according  to  Metchnikoff^  as  long  as  its 
phagocytes  freely  take  up  and  destroy  pathogenic  organisms.  In 
proportion,  on  the  other  hand,  as  the  functions  of  the  phagocytes 
are  impeded,  so  is  the  animal  susceptible  to  disease.  That  living 
and  dead  bacteria  are  thus  disposed  of  seems  to  have  been  satis- 
factorily shown,  while  chemotaxis  fairly  accounts  for  the  affinity 
which  phagocytes  show  for  certain  germs  in  preference  to  others. 
Metchnikoff's  doctrine  as  regards  the  power  of  certain  leuco- 
cytes, migrating  and  fixed,  to  act  as  phagocytes  is  sustained  by 
experimental  evidence ;  the  process  can  easily  be  followed  visually 
and  the  leucocytes  be  seen  to  ingest  micro-organisms,  to  which 
they  are  drawn  by  chemotactic  influence.  In  1863  Haeckel  wit- 
nessed the  ingestion  of  indigo  by  leucocytes;  in  1863  Reckling- 
hausen observed  that  pus-cells  were  endowed  with  amoeboid 
motion,  and,  having  injected  cinnabar  grains  in  the  dorsal 
lymph-sac  of  frogs,  saw  that  they  were  ingulfed  by  cells  floating 
in  the  lymph. 

Cohnheim,  as  long  ago  as  1867,  noted  that  the  smaller  vessels 
of  the  mesentery  became  dilated  and  saw  leucocytes  range  them- 
selves along  the  vascular  walls,  plunge  their  pseudopodia  through 
the  mural  stomata,  and  penetrate  beyond  them,  thus  migrating 
and  becoming  "pus-cells.^*  These  pus-cells,  in  the  light  of 
Metchnikoff's  theory,  are  the  remains  of  protective  microphagea 
which  have  succumbed  after  migrating  through  vascular  walls  to 
meet  offensively  the  pathogenic  organism.  Dead  material, 
pigment-granules,  fragments  of  tissue,  dust-particles,  indigo, 
ivory  (in  the  osseous  medullary  canal,  according  to  Kolliker),  in 
fact,  almost  any  foreign  substance  capable  of  invading  the  living 
organic  structure,  seems  to  become  their  prey.  An  aseptic  catgut 
ligature,  a  fragment  of  bacilli-laden  tissue,  etc.,  soon  becomes 
coated  with  an  exudate  filled  with  leucocytes  which  first  ingulf 
the  bacilli  and  then  the  disintegrated  tissue.  Let  any  inhibiting 
cause  appear,  however, — an  excessively  virulent  germ,  an  abnor- 
mally high  temperature,  for  instance, — their  powers  cease,  and 
at  once  the  bacilli  multiply,  causing  death  of  the  animal  used 
for  the  experiment.  The  rapidity  of  multiplication  of  pathogenic 
organisms  is  an  additional  factor  operating  against  successful 
phagocytic  action.  When  such  is  the  case  the  phagocytes  are 
themselves  destroyed. 
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Succeefifiil  pliagocytes  may  be  traced  from  their  working 
field  by  staining  the  latter,  as  was  done  by  Rosenberger;  long 
lines  of  colored  cells  may  then  be  seen  to  radiate  in  various 
directions  from  the  stained  area.  The  pathogenic  germs,  once 
ingulfed,  usually  cease  to  multiply,  and,  either  through  a  toxic 
action  or  starvation,  soon  die  and  disappear.  That  organisms  are 
ingested  alive  Metchnikoff  has  shown.  Spermatozoa^  for  instance, 
ingested  by  macrophages  were  seen  to  continue  their  motile 
activity  until  the  tail  had  also  been  taken  up.  Begun  in  1865 
with  the  digestive  epithelium  of  Gedesmus  bilineatus,  the  cellular 
elements  of  which  were  shown  to  digest  various  extrinsic  sub- 
stances, Metchnikoff's  labors  developed  in  1883  into  his  present 
doctrine  of  phagocytosis,  which,  notwithstanding  much  adverse 
criticism,  has  maintained  its  ground. 

The  rapidity  with  which  the  protective  process  is  carried  on 
in  cases  of  general  infection  is  well  illustrated  by  Cantacuzene:^**** 
"Immediately  after '  in jecting  anthrax  bacteria  in  a  vein  of  a 
rabbit's  ear,''  says  this  author,  "the  organisms  are  taken  up  by 
phagocytes.  At  the  end  of  seven  minutes  in  the  liver,  eight 
minutes  in  the  lungs,  and  one  hour  in  the  spleen  none  of  the 
germs  are  free.  Their  destniction  in  the  phagocytes  is  at  first 
very  rapid,  but  soon  some  of  the  latter  are  overcome,  and  the 
bacteria,  by  multiplying  within  them,  cause  them  to  become 
cciiterH  of  pulliilation.  Still,  the  bacteria  that  escape  from  the 
dead  ])hago(yte  are  seized  by  otlicrs;  but,  the  number  of  the 
former  becoming  greater  as  the  battle  progresses,  their  protective 
I)owers  are  correspondingly  reduced,  and  the  bacteria  finally, 
invade  the  entire  blood-stream.  In  the  liver  .  .  .  practi- 
cally all  the  bacteria  are  destroyed  and  digested  within  a  few 
minutes  after  the  injection.  This  superiority  of  the  hepatic 
phagocytes  in  the  fray  lasts  almost  throughout  the  disease;  but 
the  activity  of  the  phagocytes  finally  decreases;  the  bacteria 
multiply  within  them  and  become  generalized.  In  the  lungs 
there  is  rapid  destruction  of  bacteria  by  polynuclear  cells,  then 
intracellular  development  of  bacteria  and  generalization.^' 

The  phagocytes  just  referred  to,  the  microphages,  are 
wandering  or  migrating  cells — free  to  respond  and  travel  more 


>^  Cantacuzene:     Quoted  by  Marcel   Monnier:     Gazette  mMlcale  Beige,  July 
13.  1899. 
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or  less  promptly  toward  pathogenic  bacteria,  in  virtue  of  the 
chemotactic  attraction  possessed  by  the  latter.  The  process  is 
graphically  illustrated  in  the  annexed  colored  plate. 

What  is  the  nature  of  the  intraphagocytic  process? 

I  have  shown  that  the  germicidal  phagocytes,  the  neutro- 
philes,  absorbed  trypsin  not  only  in  the  intestinal  canal  while 
ingulfing  foodstuffs,  but  likewise  in  the  portal  vein,  the  ferment 
in  the  latter  being,  from  my  viewpoint,  the  splenopancreatic 
secretion.  This  intraphagocytic  trypsin  is  capable  of  digesting 
not  only  certain  poisons:  toxic  albuminoids,  toxins,  vegetable 
poisons,  venoms,  and  even  drugs,  as  will  be  shown  in  the  second 
volume,  but  also  bacteria.  In  other  words,  all  materials,  poisons, 
germs,  etc.,  find  their  doom  in  the  digestive  vacuoles  of  the 
phagocyte.  "Just  as  amoebae  digest  their  prey  with  the  aid  of 
amibodiastase,  a  soluble  ferment  belonging  to  the  group  of  the 
trypsins,^'  writes  Metchnikoff,  "white  corpuscles  submit  the 
foreign  bodies  they  inglobe  to  the  action  of  cytases.  These 
C3rtases  (the  alexins  or  complements  of  other*  authors)  are  the 
soluble  ferments  which  also  belong  to  the  category  of  trypsins."^^^ 
The  two  italicized**^^  words  should  be  carefully  noted,  as  they 
indicate  that  the  antibody  Ehrlich  has  termed  "complement"  is 
Metchnikoff's  "tr}'psin.'^  As  shown  in  the  second  volume,  this 
is  confirmed  from  various  directions. 

As  to  the  role  of  this  cytase  or  trypsin-like  body,  it  is  also 
clearly  defined  in  another  sentence  by  Metchnikoff:  "In  blood 
removed  from  the  body  the  white  cells  allow  plasmane,  which 
causes  coagulation  of  fibrin  and  the  formation  of  the  clot,  to  pass 
into  the  liquid.  But  at  the  same  time  these  abandon  a  portion 
of  their  cytase,  which  communicates  to  the  senim  its  hcBmolyiic 
and  bactericidal  qualities."  Briefly,  when  bacteria  are  ingested 
by  phagocjies  or  phagocytic  cells  of  any  kind  (for  these  include 
the  finely  granular  oxyphiles  and  the  hyaline  and  giant  cells,  all 
wandering  cells)  they  are  actually  digested  in  their  vacuoles  by 
the  trypsin-like  cytase  precisely  as  they  would  be  in  the  alimen- 
tary canal  of  highly  organized  animals. 

It  becomes  a  question  now  as  to  how  the  phagocytes  become 
supplied  with  this  tripsin,  and  how  their  protective  activity  to 

^^  L'lmmunit^    dans    les    Maladies    iDfectieuses,    p.    573,    190L    See    TOl.    il, 
p.   907,    for  additional   evidence. 
>**  The  italics  are  my  own. 
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undergo  a  process  which  renders  them  vulnerable  to  the  phago- 
cytic host.  The  thyroparathyroid  secretion,  we  have  seen, 
powerfully  excites  metabolism,  but  particularly  the  catabolic 
phase  of  the  process;  hence  its  potent  action  in  the  reduction  of 
obesity;  it  influences  bacteria  precisely  as  it  does  adipose  tissue, 
and  with  especial  activity  those  that  are  rich  in  phosphorus,  the 
tubercle  bacillus,  for  example.  It  renders  the  germ  more 
vulnerable  to  digestion  by  the  trypsin  of  the  phagocyte.  This 
effect  on  them  modifies  the  surface  of  the  germs,  softens  it  and 
causes  them  to  adhere  together,  i.e.,  to  agglutinate. 

This  suggests  that  opsonin  and  agglutinin  are  one  and  the 
same  thing.  That  such  is  the  case  is  shown  by  many  experi- 
mental facts.  We  have  seen  that  the  thyroparathyroid  secretion, 
which  is  the  opsonin,  and  the  adrenoxidase  are  contained  in  the 
red  corpuscles;  Nolf****  noted  that  the  addition  of  red  corpuscles 
to  serum  gave  it  agglutinating  properties.  Indeed,  Arthur 
Klein^***  found  that  agglutinin  could  be  dissolved  out  of  the  red 
corpuscles  by  means  of  salt  solution  or  distilled  water.  It  will  be 
recalled  that  I  traced  the  thyroparathyroid  secretion,  i.e.,  the 
opsonin,  to  the  lungs;  Buffer  and  Crendiropoulo,^***  in  a  study 
of  agglutinins,  remark:  "Strangely  enough  the  lungs  of  im- 
munized guinea-pigs  were  the  only  organs  which  in  the  majority 
of  cases  possessed  agglutinating  properties  greater  than  the 
serum.'*  As  is  well  known,  Bordet's  "sensibilisatrice"  is  derived 
from  the  red  corpuscles;  now,  Savtchenko*®"  has  pointed  out  tliat 
this  substance  was  endowed  with  specific  opsonic  properties, 
acting  both  on  bacteria  and  on  leucocytes,  as  I  explained 
above.  Finally,  agglutination  is  evidently  a  feature  of  opsonins, 
Bulloch  and  Atkins,*®^  for  example,  were  led  experimentally  to 
conclude  that  opsonins  were  "simple  substances  resembling 
agglutinins.'* 

This  involves  the  necessity  on  the  part  of  the  opsonin  of 
leaving  the  red  corpuscle  to  influence  morbidly  the  bacteria. 
Nolf*"*  showed  that  this  was  due  to  an  action  of  the  complement 
(the  phagocytic  trj'psic  cytase)    on   the  red   corpuscles  which 


>"  Nolf :    Ann.  de  I'lnst.  Pasteur,  xlv,  p.  297,  1900. 

*^  Arthur  Klein:    Wiener  klin.  Woch.,  Apr.  17,  1902. 

>**Rufrer  and  Crondlropoulo:     Britlab  Medical  Journal,  Apr.  5,  1902. 

>^  Savtchenko:    Annalea  de  I'lnat.  Pasteur,  xvl.  p.  106,  1902. 

"^  Bulloch  and  Atkins:     Proc.  Royal  Soc.  of  London.  Ixxlv.  p.  379. 

u«  Nolf:    Annalea  de  I'Inat  Paateur,  xlv»  pp.  297.  492,  1900. 
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caused  ^^the  contents  of  the  latter  to  leave  them,''  and  that  '^e 
injei-tion  of  the  corpuscular  contents  incited  hiemolysis.^  In 
other  word8,  the  trypsin  of  the  phagocytes  being  secreted  into 
the  bl(>()d«  it  causes  the  red  corpuscles  to  secrete  their  opsonin 
(with  the  adrenoxidasc — amboceptor),  and  digestion  entailing 
(knitruction  of  the  germ  can  thus  occur  in  the  plasma  and  prove 
Ml  active,  in  faet^  wlien  there  is  hyperpyrexia,  for  example,  as  to 
destroy  tlie  hloo<l-<'eIls  besides,  i.e.,  produce  haemolysis. 

T)ie  iiacteria  ))eing  softened  by  the  opsonin  and  rendered 
more  inert,  while  simultaneously  the  phagocjrtes,  their  enemies, 
are  rendereil  more  active  and  aggressive,  the  former  are  attacked 
and  in^t^sted  and  they  are  submitted  to  digestion  in  the  phago- 
evtic  vac-uo'e  and  destroved. 

On  the  wliole,  as  viewed  from  my  standpoint,  the  functions 
of  tlie  leucoevtes  in  general  immunity,  including  MetchnikofTs 
cK)neeption  of  phagocytosis,  may  be  summarized  as  follows : — 

1.  When  bacteria  appear  in  the  hlood,  iheir  toxins — or 
bacierifis  or  vaccines  injected  into  the  tissues  which  ultimately 
reach  the  blood — awaken  a  defensive  reaction  in  the  body  ai 
larffc  bij  exciting  the  thyro-adretial  center,  oxidation  and  metab- 
olism bring  incrrtutcd  in  all  tissues,  the  production  of  phagocytes 
is  act i rated  and  thMr  aggressiveness  is  intensified. 

'2.  The  thyroparathyroid  secretion  (opsonin  and  agglutinin) 
and  the  adrenoxidasc  (amboceptor)  stored  in  the  red  corpuscles 
arc  then  sc<  rcicd  by  these  cells  under  the  influence  of  the  phago- 
vyics  (Xolf),  to  sensitize  and  soften  the  bacteria. 

S.  The  bacteria  are  then  ingested  by  the  phagocytes  and 
digested  hy  their  cyfiv>!e  (complement) ,  a  trypsin-like  ferment, 
and  this  process  continues  as  long  as  there  are  bacteria  to  pro- 
duce toxins  capable  of  exciting  the  adrenothyroid  center. 

This  conij)letes  the  process  as  far  as  the  phagocytes  are 
concerned.  As  their  functions  are  to  co-operate  with  the  plas- 
matic defensive  process  described  under  the  preceding  heading, 
the  nature  of  tliis  co-o])eration  should  also  be  ascertained.  This 
is  described  in  wliat  1  believe  to  be: — 

A    SIMPLIFIED   TIIF.ORY   OF   IMMUNITY. 

There  occurs,  at  first,  what  might  be  termed  the  "prepara- 
tory" stage,  the  purpose  of  which  is  to  increase  the  defensive 
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constituents  of  the  blood  and  otlier  body  fluids.     On  the  whole, 
it  seems  permissible  to  conclude  that : — 

The  toxic  (certain  toxins,  wastes,  drugs,  vaccines,  etc.) 
excites  the  immunizing  center.  This  center,  in  turn,  stimulates 
the  thyroparaihyroid  glands  and  adrenals,  thus  causing  them  to 
supply  the  blood  (and  to  a  certain  extent  the  lymph  and  serous 
fluids)  with  an  excess  of  thyroiodase  and  adrenoxidase. 
Metabolism  being  enhanced  in  all  tissues  by  these  substances,  the 
pancreas  also  secretes  an  excess  of  trypsic  ferment,  while  the 
leucocytogenic  tissues  (bone-marrow,  lymph-glands,  etc.)  pro- 
duce  an  increased  nu^iber  of  leucocytes,  mainly  finely  granu- 
lar 0XYPHILE8  and  phagocytes. 

The  blood  and  other  body  fluids  being  now  provided  with  all 
its  defensive  agents,  the  following  process  is  started : — 

The  thyroiodase  (opsonin,  agglutinin)  sensitizes  and  softens 
the  pathogenic  agent,  while  the  adrenoxidase  (amboceptor) 
oxidizes  the  phosphorus  of  the  nucleo-proteid  granulations, 
liberating  heat*;  the  activity  of  the  trypsic  ferments  (plasmatic 
and  phagocytic  complement)  being  correspondingly  increased 
the  pathogenic  agent  is  converted  into  benign  and  eliminable 
products. 

The  whole  process  imposes  protective  properties  upon  each 
ductless  gland  involved,  i.e.,  the  thyroparathyroid  apparatus,  the 
adrenals  and  the  pituitary.  As  to  the  two  first  named  their  power 
to  antagonize  intoxication  is  now  generally  recognized.  As  to 
the  pituitary  body,  its  role  in  this  connection  has  only,  so  far, 
been  studied  by  myself.  Suggestive,  however,  are  the  remarks  of 
J.  A.  Flexner,'*®  in  reference  to  the  after  effects  of  removal  of 
the  pituitary  for  tumor  of  this  organ.  "I  wish  to  call  attention," 
writes  this  observer,  "to  the  extreme  suscei)tibility  of  these 
patients  to  morphine  and  to  autointoxication,  especially  of  purin 
origin."  Then,  referring  to  a  personal  fatal  case,  he  states  that 
"one  twenty- fourth  of  a  grain  kept  her  narcotized  for  over  a 
day,"  and  he  rightly  concludes  that  "this  sudden  and  unexpected 
end  was  due  to  stopping  of  her  glandular  feedings  and  to  the 
severe  autointoxication  which  resulted  from  her  careless  dietar}-." 
The  role  I  have  ascribed  to  the  pituitary  body  alone  explains  this 
phenomenon. 

*  Tbis  relationship  of  the  nucleo-proteid  grranulations  with  functional  effi- 
ciency of  the  cytase  is  studied  in  the  second  volume,  to  which  the  reader  is 
referred. 

**FlexDer:    Louisville  Monthly  Journal  of  Medicine  and  Surgery.  May,  1912. 


CHAPTER  XII. 

THE  INTERNAL  SECRETIONS  AND 
ORGANOTHERAPY. 

THE  Fl'NDAMENTAL  PRINCIPLE  OF  THE  ACTION  OF 

ORGANIC  PREPARATIONS. 

Am  ERICA X  textbooks  afford  no  clue  as  to  the  manner  in 
wliiih  tlie  tliyroid  gland  carries  on  its  functions.  Some  writers 
hold  that  the  thyroid  and  parathyroids^  by  means  of  an  internal 
si'fR'tion,  '*exercise  an  important  control  over  the  processes  of 
nutriti(»n  of  tlie  body";  others  contend  that  the  purpose  of  these 
organs  'is  to  neutralize  or  destroy  toxic  substances  formed  in  the 
niotaholisni  of  the  rest  of  the  body."  Others  again  assert  that  it 
increases  metabolic  activity,  especially  catabolism.  I  have  sub- 
mitted ample  evidence  to  the  effect  that  the  thyroid  influences 
all  these  functions;  but  how  does  it  do  so?  This  is  the  feature 
tliat  I  have  supplied  in  the  present  work.  If  the  reader  will 
take  int(^  account  the  fact  that  the  above  divers  functions,  attrib- 
uted by  difTcrent  groups  of  investigators  to  the  thyroid,  are  all 
explained  by  the  one. role  I  have  attributed  to  this  organ — ^that 
of  sensitizing  the  organic  phosphorus  of  all  tissues — ^he  will 
surely  concede  that  my  position  must  be  a  strong  one.  And  this 
may  be  said  to  apply  to  the  other  organs  analyzed  in  this  work. 
The  analyses  I  have  submitted  have  not  been  destructive;  they 
have  proven  constructive;  they  have  shown  that  diiflerent  sets 
of  experiments  and  clinical  observations  which  apparently 
divided  several  groups  of  investigators  upon  each  question  into 
as  many  antagonistic  camps  were  all,  when  interpreted  from 
my  viewpoint,  conciliated  and  harmonized  into  a  consistent 
whole. 

In  their  application  to  organotherapy,  my  views  are  sub- 
mitted to  a  still  greater  test :  they  are  shown  to  explain  all  the 
therapeutic  effects  of  preparations  of  the  organs  studied  in  the 
present  work,  namely,  the  thyroid,  parathyroids,  adrenals,  pitui- 
tary, pancreas,  spleen,  and  thymus.  Certain  organs,  such  as  the 
kidneys,  ovaries,  and  testicles,  whose  internal  secretions  have 

(700) 
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been  specifically  studied,  may  now  be  included  in  the  list,  for 
there  is  good  ground  for  the  proposition,  at  least,  that  their 
organic  products  should  not  be  regarded  as  special  secretions,  but 
as  the  product  of  a  single  kind  of  secretory  cells  that  are  common 
to  many  organs,  the  adrenal  cells. 

If  our  object  to  place  pharmacology  on  a  scientific  footing 
is  ever  to  be  realized,  we  should  insist,  whenever  an  agent  is  to 
be  tried  therapeutically,  upon  a  preliminary  determination  of  its 
identity  as  a  chemical  body.  Thus  only  will  it  be  possible 
for  us  to  establish  its  physiological  action  on  a  solid  basis.  In 
drug  therapy,  this  important  feature  has  been  carried  out  to  a 
considerable  extent,  and  what  we  know  of  the  physiological 
action  of  most  agents  derived  from  plant  life  has  been  acquired 
since  their  active  principles  have  been  isolated  and  made  the 
basis  of  experimental  and  clinical  study.  Just  as  opium  contains 
various  principles — ^morphine,  apomorphine,  codeine,  etc. — so  do 
animal  extracts  contain  a  multiplicity  of  substances,  cellular  and 
plasmatic,  and  also  products  of  cellular  metabolism  capable  of 
provoking  physiological  effects;  but  here  very  little  effort  has 
been  made  to  isolate  the  truly  useful  principles.  Hence  the 
confusion  and  empiricism  which  has  always  surrounded  the  use 
of  these  agents. 

All  this  applies  to  organotherapy  as  it  does  to  pharmacal 
agents.  It  is  unquestionably  true  that  we  have  among  the 
twenty  and  odd  animal  extracts  that  have  been  proposed  a  few, 
at  least,  which  are  capable  of  affording  relief  where  no  other 
class  of  agent  will  act — thyroid  preparations  in  myxoedema  and 
cretinism,  and  adrenal  extractives  in  Addison's  disease  and 
haemorrhage,  for  example.  The  adoption  of  a  systematic  line 
of  study  in  the  direction  proposed  seems  to  me  to  facilitate 
the  discovery  of  additional  useful  applications  of  tliese  agents, 
or,  at  least,  to  give  their  use  in  practice  a  more  rational  basis. 

Important  in  this  connection  is  the  identification  of  the 
true  organotherapeutic  preparations.  By  the  "true''  agents  I 
mean  those  which  can  be  used  intelligently,  that  is,  with  knowl- 
edge of  the  physiological  effects  produced,  because  their  active 
principles  are  knomi.  Thyroid  extract  belongs  to  this  class, 
since  we  know  that  its  action  is  due  to  the  iodine  in  organic 
combination   its  secretion   contains;   adrenal   preparations   like- 
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wisi'  an*  '\nv\ut\oil  Ixvau^  their  active  principles,  whether  epi- 
ncpliriii,  supran*naiin  or  adrvnaliiiy  are  also  known.  Converaely, 
wt*  iiavc  a  lar^o  number  of  organic  preparationa  that  are  nsed 
l>lin<lly.  without  knowledge  of  their  componentB,  which  may 
niiinl>iT  from  11  vi*  to  twenty  or  more,  in  almost  any  disease 
fi'IatiNi  (lirintly  tir  remotely  with  the  organ  from  which  the 
extrart  is  olitainiHl.  Mammary  extract  can  be  cited  as  an 
exain]»l('  of  tlntH?  agents.  They  are  hardly  entitled  to  a  rank 
inihli  a1»ovi'  tliat  of  empirical  nostrums  until  rendered  fit,  fay 
their  ^poIl^»^s,  tlirough  cliemioal,  pharmacological,  and  clinical 
n*searilie.>s,  to  he  taken  up  by  the  profession  aa  legitimate 
j»liarinan'ut  ical  agi^nts. 

That  so  ih'sirahle  a  ta8k  is  not  impossible  of  accomplishment 
may  rea«lily  he  shown.  We  shall  take  as  examples  those  which, 
hesi(K*s  the  thyroiil,  parathyroid,  and  adrenal  products,  whose 
active  agents  are  familiar  to  every  one,  the  four  which  have 
stiMxl  out  most  prominently  in  the  history  of  opotherapy:  the 
testiciihir,  ovarian,  renal,  and  pituitary  extracts. 

Sptrniin,  as  is  well  known,  is  the  purest  of  testicular 
))n*|»a  rat  ions.  Before  I  had  given  any  attention  whatever  to 
these  agents,  1  had  submitted  evidence*  which  showed  that  the 
adrenal  secretion  was  carried  to  the  pulmonary  air-cells,  to  take 
up  th(*  oxygen  of  tlie  air  therein,  and  become  the  albuminous 
(previously  nnidontified)  constituent  of  the  haemoglobin,  which, 
throii«rh  th(»-  intennediary  of  the  red  corpuscles,  supplies  oxygen 
to  all  the  tissues.  The  evidence  showed  that  it  was  an  oxidizing 
body  acting  catalytically ;  that  it  resisted  all  temperatures  up 
to,  and  even,  boiling;  that  it  was  insoluble  in  ether  and  prac- 
tically insoluble  in  abi^olute  alcohol,  and  gave  the  guaiac, 
Florence,  and  other  liiiMuin  tests.  Now,  spennin  not  only  raises 
the  hlood-i>ressure,  slows  the  heart,  and  produces  all  other 
physiological  effects  peculiar  to  the  adrenal  principles,  but  ita 
poluhilities  are  the  same;  it  gives  the  same  tests;  it  resists  boil- 
ing, ^loreovcr,  it  is  regarded  in  Europe  as  a  powerful  "oxidiz- 
ing tonic''  and  has  been  found  equally  useful  in  disorders  in 
which  adrenal  ])repa rations  had  given  good  results.  The 
inference  tliat  spermin  consists  mainly  of  the  adrenal  product 


*  Sajous:     "iDternal    SecretioDs   and   the   PrincipIeB  of   Medicine/'   1,    1903; 
li,  1907. 
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suggests  that  it  should  not  be  regarded  as  specific  to  the  testes, 
but,  instead,  a  constituent  of  the  blood  at  large;  not  only  did 
this  prove  to  be  the  case,  but  it  was  found  in  the  blood  of 
females  as  well  as  in  that  of  males,  as  we  have  seen. 

As  I  have  also  shown  in  a  previous  chapter,  the  dependence 
of  ovarian,  preparations,  including  corpus  luteum,  upon  the  ad- 
renal principle  for  tlieir  activity  is  no  less  evident  Ovarian 
extract  has  been  found  to  contain  "an  oxidizing  ferment  com- 
parable to  sperm in/'^  Just  as  castration  causes  a  decline  of 
the  temperature,  so  does  removal  of  the  ovaries;  while  both 
sperniin  and  ovarin  restore  the  temperature  to  normal.  This 
corresponds  with  the  influence  on  general  oxidation  I  ascribe 
to  the  adrenal  secretion.  As  is  the  case  with  the  latter,  ovarian 
preparations  enhance  metabolism  and  the  excretion  of  phos- 
phoric acid.  Again,  the  resemblance  of  the  effects  of  ovarian 
preparations  to  those  of  adrenal  gland  is  striking.  "Fresh 
ovarian  extract,"  writes  Wilcox,'  "is  said,  when  injected  in  rab- 
bits, to  raise  the  blood-pressure,  diminish  the  heart's  action, 
and  slow  the  respiration;  and  when  administered  to  the  human 
female,  alpo  to  increase  the  arterial  tension.  In  the  castrated 
animal  it  is  found  to  increase  oxidation  to  something  above  the 
normal  degree."  Sauvc^*  states  that  it  increases  oxidation  and 
the  proportion  of  hcTmoglobin  in  the  blood. 

Besides  this  mutual  relationship  between  the  testicular, 
ovarian  and  adrenal  products,  two  suggestive  facts  assert  them- 
selves: Not  only  have  Soliiifcr  and  others  found  that  a  close 
anah)gy  exists  between  the  interstitial  cells  of  the  testicles  and 
ovaries  and  tlie  cells  of  the  adrenals,  but  all  three  sets  of  organs 
are  derived  from  the  Wolttian  body. 

The  kidnevs  have  been  credited  with  an  internal  secretion, 
but  no  experimental  work  so  far  recorded  justifies  such  a  con- 
clusion. Tliere  is,  however  (see  page  4GT),  testimony  to  the 
effect  that,  as  in  the  organs  just  referred  to,  the  adrenal  prin- 
ciple is  the  main  active  agent.  Batty  Shaw,*  remarking  that 
the  favorable  effects  obtained  from  r(»iial  extracts  are  similar 
to  those  that  *'liave  been  rej)orted  as  a  result  of  treatment  by 


"Batty  Shaw:     "Organotherapy."  19ftn. 

■Wilcox:     "Pharmacology  and  Therapeutics,"  7th  ed.,  p.  824,  1907. 

••Sauv^:     Paris  medical,  April  1.   1911. 

*  Batty  Shaw:     Lin\  eit.,  p.  216,  1905, 
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nioaiiF  of  speniiin  and  testicular  cxtract^^  suggests  that  *^po0- 
Bihly  nophrin  and  other  renal  preparations  provide  a  means  of 
stimulating  oxidation  in  general,  the  kidney  merely  sharing  in 
this  oxidation/'  The  concordance  of  this  opinion  with  my  own 
view  (1!MK)).  that  the  adrenal  secretion  is  the  constituent  of 
the  lia'inoglobin  molecule  which  carries  on  oxidation,  is  self- 
ovidtnt.  The  influence  of  renal  extracts  on  oxidation  is  further 
shown  by  the  obser>'ation8  of  Brown-S^uard,  Teissier,  and 
Friinkel,^  that  they  increased  the  output  of  urea,  phosphates,  and 
uric  acid,  and  by  those  jof  Brown-S^uard,  Dromain,  and  de 
PrachO  Bra,*  Mois/  Bitzou,"  Dubois,*  and  others,  which  showed 
that  tlii'V  possos^d  marked  antitoxic  power.  This  also  harmo- 
nizes with  my  views,  sinc^e  I  have  shown,  with  ample  evidence  to 
sustain  this  assertion,  that  the  adrenal  secretion  is  a  basal  factor 
in  all  inununizing  processes — as  its  role  in  oxidation  would 
normally  suggest.  Even  the  morbid  effects  of  exaggerated  anti- 
toxic activity  which  I  ascribed  to  excessive  doses  are  exemplified 
bv  an  obser\ati()n  of  T^vral's*"  in  which  renal  extract  caused 
death  from  pernicious  ana?niia,  i,e,,  from  haemolysis. 

Pituitary  extracts,  we  have  seen,  are  active  according  to 
which  of  tlie  two  lobes  of  the  pituitary  is  used  to  prepare  them. 
Howell,  Silvestri,  Thaon,  and  others  have  found  that  extracts 
of  the  anterior  lobe  were  practically  inert,  while  those  of  the 
j)()stcrior  proved  quite  active.  HowelP^  states  in  this  connection 
that  they  *'cause  a  marked  rise  of  blood-pressure  and  slowing  of 
the  heart-heat,''  remarking,  moreover,  that  "these  effects  resemble 
in  general  thoj=e  obtained  from  adrenal  extracts,  but  differ  in 
some  details.'^  When  we  take  into  account  the  wealth  of  this 
organ  in  nervous  elements,  deviations  in  minor  effects  are 
readilv  accounted  for. 

As  previously  stated,  the  adrenal  principle  is  not  destroyed 
by  boiling.  This  was  also  observed  to  be  the  case  with  extracts 
of  the  pituitary'  lobe,  by  Schafer  and  Herring.'^  These  physiolo- 
gists  also   noted   that   they   produced    dilatation    of   the   renal 

*  Teissier  and  Frankel:    Lyon  m^Ical,  April  29.  1894. 

"  Bra:    Comptes-reDdus  de  la  Soci^t^  de  Biologie,  July  26,  1895. 
'  Mois:    Cllnlca  Moderna.  Dec.  1.  1897. 

*  Ditzou:    Journal  de  physiologie  et  de  pathologic  g^n^rale.  Nov.  15,  1901. 
•Dubois:    Bulletin  g^n^ral  de  th^rapeutique  m^dlcale  et  chirurgicale. 

"Layral:    Bulletin  mMical.  Oct.  8.  1898. 

"Howell:    Lor.  rit.,  2d  ed.,  p.  802,  1907. 

"  Schafer  and  Herring:    Transactions  of  the  Royal  Society,  cxclx,  p.  1,  1906. 
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vessels,  but  this  is  a  normal  result  of  the  vasoconstriction  pro- 
duced by  them  in  the  body  at  large,  owing  to  the  action  of  the 
adrenal  principle  upon  the  vascular  muscles.  The  renal  capil- 
laries, in  keeping  with  all  others,  being  deprived  of  muscular 
elements,  they  are  passively  dilated  by  the  blood  compressed  out, 
as  it  were,  of  the  larger  vessels  and  the  kidneys  are  dilated. 

Herring,*'  and  more  recently  McCord,*'*  noted  that  pitui- 
tary extract  caused  constriction  of  the  peripheral  arterioles. 
This  is  typical,  as  is  well  known,  of  the  action  of  all  adrenal 
products.  As  shown  by  the  experiments  of  Gamier  and  Thaon,** 
Conti  and  Curti,"  and  others,  the  pressor  precede  the  depressor 
effects.  This  applies  as  well  to  the  inhibitory  effects  on  the 
pancreas  recently  recorded  by  Pemberton  and  Sweet.**  The 
mydriatic  action  of  epinephrin,  discovered  by  Meltzer,  has  also 
been  found  by  Cramer  to  apply  to  pituitary  extract.  Finally, 
the  clinical  effects  recorded,  especially  those  on  the  cardiac 
disorders  by  Cyon,  R^non  and  Delille,*'  clearly  indicate  that 
tliey  are  due  to  the  adrenal  principle  pituitary  extracts  contain. 
Both  are  extolled  as  oxytocics,  being  deemed  far  superior  to  ergot 
by  some.  Both  also  have  been  found  very  effective  in  intestinal 
paresis.  The  resemblance  of  their  action  to  that  of  adrenal 
extracts,  noted  by  Schafer,  is  explained,  therefore;  it  is  to  the 
adrenal  principle  in  the  pituitary  that  extracts  of  this  organ 
owe  their  activity.  Finally,  as  shown  by  Wiesel,***  the  pituitary 
body  is  the  seat  of  a  large  group  of  chromaffin  cells,  i.e.,  adrenal 
cells.  Watanabe  and  Crawford****  then  found  that  pituitary 
extracts  contained  "an  epinephrin-like  compound. 

All  the  facts  seem  to  me  to  justify  tlie  inclusion  of 
testicular,  ovarian,  renal,  and  pituitary  extracts  in  the  adrenal 
group  of  organic  extracts. 

I  would  add  that  the  presence  of  the  adrenal  principle 
throughout  the  organism  is  no  longer  to  be  doubted-  Besides  its 
now-familiar  effects  on  the  blood-pressure  by  a  direct  action  on 
the  blood-vessels,  which  necessitates  its  distribution  broadcast, 
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we  have  the  fact  that  Mulon  found  it  in  the  red  corpuscles. 
Even  the  placental  blood  contains  it.  As  a  conservative  pharma- 
cologist, Dixon,**  wrote,  while  describing  investigations  by  F. 
Taylor  and  himself:  "We  have  shown  that  the  human  pla- 
centa contains  a  considerable  amount  of  a  substance  which  is 
.  unaffected  by  boiling.  This  body  has  the  property  of 
powerfully  constricting  blood-vessels,  of  contracting  the  uterine 
muscle,  of  raising  the  blood-pressure.  ...  So  far  as  we 
have  been  able  to  determine,  this  body  has  all  the  properties  of 
adrenalin."     Indeed,  "adrenal inemia''  is  now  in  common  use. 

The  adrenal  principle  being  common  to  the  entire  organism, 
it  would  seem  as  if  all  organic  extracts  should  owe  their  thera- 
peutic activity  to  this  constituent.  But  many  facts  go  to  show 
that  the  proportion  of  adrenal  principle  in  certain  organs — 
those  forming  part  of  the  chromaffin  system,  for  example — is 
far  greater  than  in  others,  and  moreover  that  they  contain 
cellular  elements  that  are  not  only  similar  to  the  secreting  ele- 
ments of  the  adrenals,  but  which  are  capable  of  adding  to  that 
received  from  the  latter  through  the  blood.  This  accounts  for 
the  fact  that  rerpoval  of  the  testicles  or  ovaries  lowers  the  activity 
of  the  oxidation  processes,  though  without  destroying  life  itself, 
as  is  the  case  when  the  adrenals  are  removed.  The  obesity 
which  follows  removal  of  the  testicles  or  the  ovaries  illustrates 
an  effect  of  this  suboxidation. 

This  docs  not  mean,  however,  that  all  organic  preparations 
owe  what  therapeutic  efficiency  they  have  shown  mainly  to  the 
adrenal  principle  they  contain.  The  majority  of  them  probably 
do  not.  The  recent  introduction  of  an  oily  extract  of  brain 
matter  seems  to  have  placed  the  use  of  this  agent  on  a  firmer 
basis.  The  phosphorus-laden  nucleins  derived  from  brain  sub- 
stance would  probably  account  for  what  therapeutic  value  it 
seems  to  show.  Again,  thymus  extract  has  some  claim  to 
recognition  in  disorders  which  other  remedies  do  not  seem  to 
affect.  Here  again,  we  have  a  tissue  rich  in  nuclein,  and  there- 
fore in  phosphorus.  May  we  not  have  in  these  and  other 
organic  preparations  a  means  of  introducing  into  the  body 
phosphorus  so  bound  up  in  organic  combination  that  it  can 
be  far  more  readily  taken  up  by  our  tissues  than  any  prepara- 
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tion  that  our  laboratories  can  produce  ?  We  must  not  lose  sight 
of  the  fact  that  organotherapy  aflfords,  precisely  in  this  direction, 
possibilities  that  nothing  else  in  the  realm  of  therapeutics  can 
offer — a  statement  which  applies  also  to  the  opportunity  they 
furnish  of  introducing  immunizing  bodies  directly  into  the  blood 
— or  of  compensating  for  organs  whose  functions  have  become 
inadequate  through  local  disease.  But  these  advantages  will 
only  become  available  when  the  prevailing  empirical  use  of 
animal  extracts  will  have  been  rendered  impossible  through 
proper  identification  of  those  of  their  constituents  which  bring 
about  beneficial  effects,  the  natural  precursor  to  a  clear  con- 
ception of  their  mode  of  action. 

Another  important  feature  is  the  distinction  of  true  duct- 
less glands,  whose  mission  is  to  elaborate  a  secretion  of  physio- 
logical use  to  the  body  at  large,  from  organs  which  have  been 
credited  with  such  functions  on  insufficient  grounds.  Perhaps 
the  habit  of  requiring  considerable  evidence  from  many  sources 
and  directions  before  reaching  a  conclusion — contrary  to  the 
prevailing  tendency  atfaong  experimenters  to  base  a  sweeping 
conclusion  upon  very  few  facts — ^has  rendered  me  too  exacting, 
but  I  must  confess  that  so  far  I  have  not  been  able  to  recognize 
irtie  internal  secretions  in  more  than  three  sets  of  organs,  the 
thyroid,  including  its  glandules,  the  parathyroids,  the  adrenals, 
and  the  pancreas.  In  these  organs  alone  has  the  secretion  been 
identified  at  the  seat  of  its  formation,  traced  to  the  blood- 
stream, and,  through  the  blood,  to  all  tissues.  This  might  be 
said  to  apply  to  the  liver,  owing  to  its  glycogenic  function  and 
to  the  broadcast  distribution  of  glycogen ;  but  in  accord  with 
Claude  Bernard's  original  view,  physiologists  ver\'  properly  con- 
sider the  formation  of  glycogen  as  "a  temporary  reserve  supply 
of  carbohydrate  material  that  is  laid  up  in  the  liver  during 
digestion  and  is  gradually  made  use  of  in  the  intervals  between 
meals.'^^®     Glycogen,  therefore,  is  not  a  true  internal  secretion. 

Many  other  organs  have  been  regarded  as  sources  of  internal 
secretions.  A  close  analysis  of  the  question,  however,  suggests 
that  while  the  evidence  in  favor  of  this  view  is  very  meager, 
many  facts  tend  to  disprove  it.  Investigators  who  have  con- 
tended that  those  and  other  structures  are  ductless  glands  have, 

"HoweU:    "Textbook  of  Physiology."  p.  735,  1905. 
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almost  without  exception^  based  their  contention  on  the  plea 
that  extracts  of  these  structures  produce  physiological  eflfects. 
This  accounts  for  the  fact  that  practically  every  tissue^  including 
muscles,  nerves,  lymphatic  glands,  and  even  ciliary  body,  nasal 
mucous  membrane,  the  placenta,  has  been  thought  to  produce 
an  internal  secretion.  The  weakness  of  such  a  plea  is  self- 
evident.  Almost  any  organic  substance  will  in  some  way  or 
other  affect  the  blood-pressure,  and  when  we  consider  that  all 
tissues  contain  more  or  less  nuclein,  intermediate,  and  therefore 
toxic,  waste  products,  red  and  white  corpuscles,  and  many  other 
substances  capable  each  in  its  own  way  of  evoking  some  sort  of 
reaction  when  injected  into  animals,  the  actual  value  of  such 
experiments  is  reduced  to  nil.  It  is  about  as  scientific  as  the 
giving  of  hashed  ear  for  earache. 

Finally,  and  quite  in  keeping  with  the  above  remarks,  is 
that  those  of  the  organic  products  which  are  to  Any  degree  toxic 
may,  tjirough  the  adrenal  system,  evoke  an  auto-protective 
reaction  the  symptoms  of  which  seem  to  the  investigator  the 
expression  of  a  physiological  function  which  he  credits  to  the 
extract  used,  supposedly  an  "internal  secretion.*'  On  the  other 
hand,  beneficial  effects  are  sometimes  obtained  through  the  fact 
that  certain  tissues  combine  the  properties  of  two  or  more  in- 
ternal secretions,  the  posterior  pituitary  lobe,  for  instance,  which 
is  rich  not  only  in  chromaffin  or  adrenal  substance,  as  stated,  but 
also  in  nucleins.  owing  to  its  wealth  in  nervous  elements. 

Some  of  these  physiological  effects  will  be  brought  out 
under  the  remaining  headings  of  this  chapter. 

THYROID  ORGANOTHERAPY. 

When,  in  the  light  of  the  data  submitted  in  the  third  chapter, 
we  administered  thyroid  gland,  which  combines  the  actions  of  the 
thyroid  and  parathyroids,  the  following  effects  are  produced: 
It  renders  the  phosphorus  of  all  tissues,  and  all  free  substances, 
such  as  bacteria,  wastes,  toxins,  etc.,  containing  phosphorus,  more 
inflammable  or  sensitive  to  the  action  of  the  oxygen  in  the 
blood.  As  this  applies  particularly  to  nerves  and  nerve-centers 
(all  of  which  are  especially  rich  in  phosphorus)  the  adrenal 
center  and  therefore  the  adrenals  themselves  are  excited,  and,  the 
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adrenal  secretion  being  the  agent  which  takes  up  the  oxygen  of 
the  air  to  sustain  the  blood's  oxygenizing  power,  the  supply  of 
oxygen  is  also  increased.  All  the  various  phosphorus-laden  sub- 
stances are  thus  not  only  rendered  more  readily  oxidizable  by 
thyroid  extract,  but  this  remedy  also  provides  indirectly  the 
required  oxygen.  This  is  not  all,  however.  As  the  functions  of 
all  organs  are  enhanced  by  ^is  process,  the  pancreas  and  the 
leucocytogenic  organs  are  also  stimulated,  and  trypsin  and 
phagocytes,  which  are  the  active  destroyers  of  pathogenic  organ- 
isms, toxins,  and  other  poisons,  are  also  increased.  Briefly, 
under  the  influence  of  thyroid  preparations,  we  have  in  the 
blood — and  demonstrable  therein — all  the  active  agents  con- 
cerned with  tnetabolism,  nutrition,  and  immunity:  an  increase 
(1)  of  adrenal  oxidizing  substance,  or  adrenoxidase  (the  albu- 
minous constituent  of  haemoglobin;  Ehrlich's  amboceptor) ;  (2) 
of  thyroid  sensitizing  substance  (Wright's  opsonin) ;  (3)  of 
trypsin  (Ehrlich's  complement  and  Metchnikoff^s  cytase)  and 
(4)  bacteriolytic  leucocytes  (MetchnikofPs  phagocytes'). 

When,  therefore,  thyroid  preparations  are  given  in  small 
doses,  we  may  expect  the  following  phenomena,  especially  when 
the  remedy  is  given  in  cases  of  hypothyroidia : — 

A  rise  of  temperature  due  to  the  increased  oxidation  brought 
about  by  the  thyroid  and  adrenal  oxidizing  substances  acting 
jointly;  enhanced  metabolism  a  normal  result  of  the  augmenta- 
tion of  general  oxidation,  with  incrensed  appetite  due  to  the 
resulting  greater  demand  for  foodstuffs.  A  marked  improvement 
in  general  nutrition  and  strength  is  a  self-evident  result  of  the 
assimilation  of  a  greater  proportion  of  food-materials,  and  the 
rapid  growth  likewise  where,  as  in  cretinism,  it  is  stunted.  The 
cerebrO'Spin<il  system  is  particularly  influenced  owing  to  its 
wealth  in  phosphorus;  there  is,  in  suitable  cases,  development  of 
intelligence.  All  organs  being  the  seat  of  increased  metabolic 
activity  and  nutrition,  the  intestinal,  renal,  cardiac,  and  cuta- 
neous and  hepatic  functions  are  all  enhanced.  Even  the  hair 
grows  bountifully  not  only  in  cretinism,  but  when  its  loss  is  due 
to  impaired  nutrition  of  thyroid  origin.  It  counteracts  prema- 
ture senility  in  all  its  phases  by  restoring  to  the  organism  the 
main  constituent  which  sustains,  with  the  co-operation  of  the 
adrenoxidase,  the  functional  efficiency  of  all  its  parts. 
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In  large  doses^  on  the  otlier  hand,  thyroid  preparations  pro- 
duce quite  the  opposite  effects.  By  imposing  hyperoxidation 
upon  all  cells^  these  are  catabolized  or  broken  down  before  they 
can  be  adequately  built  up^  Le.,  anabolized,  and,  instead  of  in- 
creased nutrition,  we  behold  gradual  emaciation  beginning  with 
the  adipose  tissues.    Hence  the  use  of  thyroid  gland  in  obesity. 

Small  doses  are,  therefore,  indicated  in  all  casea  to  begin 
with,  yi2  grain  (0.005  Gm.)  sufficing  in  mild  cases,  and  in 
marked  ones,  1  grain  (0.066  Gm.)  of  the  desiccated  thyroid 
(U.  S.  P.)  in  adults,  for  example,  and  V^  grain  (0.033  Qm.) 
in  children  over  2  years  old.  Gradually,  the  dose  may  then  be 
mcreased,  remembering  that  3  grains  (0.2  Gm.)  three  times 
daily  should  not  be  exceeded.  Each  grain  of  the  desiccated 
gland  contains  5  grains  (0.33  Gm.)  of  the  gland  in  its  fresh 
state.  'Kendall's  thyroxin,*  is  not  as  yet  available  on  the  market. 

When  thyroid  preparations  are  judiciously  used,  that  is  to 
say,  wheij  their  action  is  controlled  by  giving  only  carefully 
adjusted  doses,  aided  by  the  concomitant  use,  if  needed,  of  other 
agents — ^iron,  for  example — to  supply  the  haematin  necessary  to 
build  up  the  haemoglobin  molecule;  when  also  with  thyroid 
we  wish  to  increase  the  albuminous  moiety  of  that  molecule, 
strychnine  when  tlie  blood-pressure  is  too  low  to  insure  adequate 
tissue  nutrition,  etc.,  results  are  obtained  which  soon  convince 
the  clinician  that  they  constitute  a  very  valuable  addition  to  our 
armamentarium.     Especially  does  this  obtain: — 

1.  In  diseases  due  to  slowed  destruction  of  toxic  wastes,  as 
shown  by  its  action  in  tetany,  epilepsy,  eclampsia,  disorders  of 
menopause,  asthma,  chronic  rheumatism,  migraine,  and  also  by 
those  due  to  slow  oxidation  of  fats,  as  in  obesity, 

2.  In  di8ea;3e8  due  to  lowered  general  nutrition  of  all  tissues, 
including  the  bones,  as  shown  by  its  action  in  hypothyroidia, 
cretinism,  myxoedema,  and  kindred  disorders  in  which  calcium 
metabolism  obtains — osteomalacia,  rickets,  and  osteomyelitis. 

3.  In  disorders  due  to  lowered  nutrition  of  the  muscular 
elements,  including  the  skeletal  and  vascular  muscles,  as  shown 
by  its  action  in  general  adynamia,  neurasthenia,  and  myasthenia. 

4.  In  all  cases  in  which  the  processes  of  repair  or  absorption 
are  deficient,  as  shown  by  its  action  in  delayed  union  of  frac- 

^  Kendall:     Endociinolo^.  April,  1917.  and  April-June,  1918. 
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tures,  certain  benign  and  malignant  neoplasms,  and  syphilitic 
tissue  and  bone  necrosis. 

5.  In  infectious  diseases — owing  to  the  increase  of  auto- 
antitoxin,  thyroiodase  (opsonin),  and  phagocytes — as  shown  by 
its  action  in  the  early  stages  of  tuberculosis,  typhoid  fever,  infec- 
tious tonsillitis,  and  certain  exanthemata. 

The  majority  of  the  disorders  enumerated  above,  apart  from  v 

those  already  reviewed,  will  be  found  treated  at  length  in  the 
second  volume.  In  the  following  pages,  however,  I  will  include 
only  those  conditions  which  in  addition  to  those  studied  in  the 
third,  fourth,  and  fifth  chapters  of  the  present  volume,  and  in 
the  second  volume,  are  of  special  practical  importance  as  a  field 
for  thyroid  organotherapy. 

Insanity. — What  data  we  possess  on  the  relations  between 
mental  disorders  and  the  thyroid  apparatus  indicate  that  both 
hypothyroidia  and  hyperthyroidia  are  equally  fruitful  in  the 
genesis  of  many  psychoses.  Could  we  clearly  establish  a  line  of 
demarkation  between  these  two  states,  however,  their  study 
would  present  no  difficulty ;  but  such  is  not  the  .case  in  the 
light  of  prevailing  views.  Thus  the  classic  s}Tnptom8  of  myxoe- 
dema  may  be  accompanied,  especially  in  the  advanced  stage,  by 
mental  disorders  which  are  not  in  keeping  with  the  asthenic 
phenomena  that  belong  to  h^'pothyroidia.  Tlie  report  of  the 
Committee  of  the  Clinical  Society  of  London  showed,  for 
instance,  that,  while  a  certain  proportion  of  cases  of  myxoedema 
suffered  from  melancholia,  the  one  mental  disorder  we  should 
expect  to  find  in  such  a  depressive  state  of  the  thyroid  apparatus, 
the  majority  suffered  from  dementia,  acute  and  chronic  mania, 
delusions,  and  hallucinations,  all  of  which  denote  some  degree  of 
Junctional  erethism. 

Nor  do  wc  obtain  aid  tlirough  tlie  morbid  histology  of  the 
thyroid  in  insane  cases.  As  stated  by  Ramadier  and  Marchand,** 
after  an  examination  of  278  thyroid  glands  of  patients  who  had 
died  in  four  different  asylums,  it  is  impossible  to  establish  any 
constant  relation  between  the  thyroid  changes  and  the  form  of 
mental  disease  from  which  the  patient  suffered. 

Yet,  there  is  much  to  be  discerned  and  there  are  many 
therapeutic  hints  to  he  garnered  when  these  cases  are  interpreted 

^  Ramadier  and  Marcband:     L'BDc^pbalc,  Aug.,  1908. 
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from  the  standpoint  of  the  views  defended  in  the  present  work. 
Thus,  taking  the  influence  of  the  thyroparathyroid  mechanism 
upon  oxidation  and  metabolism  as  factors  of  the  problem,  we 
have  in  hypothyroid ia  such  mental  states  as  melancholia,  hypo- 
chondria, and  apathetic  delusional  insanity,  with  perhaps  ideas 
of  suppicion.  What  mental  disorders  are  witnessed  in  the  more 
advanced  stage  of  myxoedema  are  also  conmionly  characterized 
as  melancholia.  So  marked  is  the  depressive  state  in  these  cases, 
in  fact,  that  the  late  Lloyd  Andreizen*  was  led  to  assert  that 
various  insanities  having  a  constant  and  distinct  physiognomy 
grew  in  the  soil  of  acromegaly  and  myxoedema.  "In  the  one 
case  (myxoedema),'^  he  wrote,  "a  morbid  process  starting  from 
the  thyroid  gland  affected  the  whole  capacity  of  the  blood  in 
regard  to  its  power  of  taking  up  oxygen  from  the  air.  On 
examining  the  blood  with  the  mercurial  pump,  it  was  found 
that  its  oxygen  and  carbonic  acid  were  much  diminished,  and, 
by  placing  the  individual  in  the  apparatus  for  examining  the 
gases  of  respiration,  it  was  found  out  that  he  took  in  but  little 
oxygen  and  correspondingly  gave  out  but  little  carbonic  acid 
during  life."  That  this  sustains  my  own  view  that  the  thyroid, 
partly  through  its  influence  on  the  adrenals,  influences  tissue 
respiration  is  obvious.  But  this,  in  itself,  sustains  Andreizen 
in  his  conclusion  that  certain  mental  disorders  grow  in  the  soil 
of  myxoedema.  In  other  words,  we  should  look  upon  hypo- 
thyroid ia  as  one  of  the  causes  of  depressive  mental  states. 

This,  however,  fails  to  account  for  the  opposite  phenomena, 
i,e.,  those  we  associate  with  erethism,  mania,  dementia,  and  the 
various  manifestations  in  which  irritability  and  excitement  are 
prominent.  But  these  signs  are  also  explained  by  my  concep- 
tion of  tlic  functions  of  the  thyroparathyroid  apparatus,  i.e.,  that 
it  acts  as  opsonin  to  insure  the  destruction  of  toxic  wastes. 
Oxidation  and  metabolism,  particularly  its  catabolic  phase,  we 
have  seen,  being  impaired  by  tlie  existing  hypothyroidia,  we  have 
an  accumulation  of  toxic  wastes  in  the  blood,  and  it  is  to  the 
morbid  influence  of  these  poisons  on  the  brain  that  all  manifesta- 
tions, in  myxopdema,  such  as  mental  excitement,  persistent  hallu- 
cinations or  delusions,  and  mania,  must  be  attributed.  Here, 
again,  Andreizen  struck  the  keynote  of  the  problem,  in  my  opin- 

'Andreisen:    Quoted  by  Hamilton:    Medical  Record,  April  9,  IBM. 
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ion,  when,  in  his  study  of  the  relations  of  autotoxin  in  its  bearing 
upon  insanity,  to  which  the  previous  quotation  belongs,  he  re- 
ferred to  the  presence  with  weakness,  dullness,  and  subnormal 
temperature  "of  a  tendency  to  the  accumulation  of  incompletely 
oxidized  bodies  (fat,  etc.)*'  in  the  tissues.  Correct  also,  from  my 
viewpoint,  were  the  estimates  of  Bruce,'  who,  in  reporting  the 
results  of  thyroid  treatment  in  60  cases,  attributed  the  improve- 
ment noted  to  the  production,  by  the  remedy,  of  a  febrile  state — 
quite  in  keeping  with  my  own  view  (see  page  628)  that  the 
thyroid  and  the  adrenals  are  active  in  the  genesis  of  fever. 

Such  being  the  case,  we  can  conceive  how  myxoedema  and 
hypothyroidia  can  become  the  soil  not  only  for  depressive  mental 
disorders,  but  also  for  those  in  which  excitement  and  cellular 
erethism  prevail.  It  follows  also  that  hypothyroidia  should  be 
considered  as  a  prominent  factor  in  the  genesis  of  insanity. 
Having  in  myxcedema  undeniable  proof  of  the  influence  of  the 
thyroid  apparatus  on  the  mental  equilibrium  and  a  rational  ex- 
planation of  the  pathogenic  process,  the  physiology  of  these, 
particularly  the  important  role  in  immunity,  should  no  longer  be 
neglected  by  psychiatrists.  Laignel-Lavastine*  closed  an  able 
study  of  this  subject  by  the  statement  that  "the  existence  of 
glandular  disorders  in  psychical  syndromes  has  not  as  yet,  in  my 
opinion,  attracted  sufficient  attention.  Nevertheless  the  existence 
of  such  disorders  in  certain  cases  is  undeniable.^'  Frankl  Hoch- 
wart**  also  lays  stress  upon  this  connection. 

Recently,  L.  Vernon  Briggs*  wrote  more  pointedly,  emphasiz- 
ing both  the  role  of  autointoxication  and  the  neglect  of  this 
important  factor  in  mental  disease :  "In  many  large  public  and 
private  institutions  those  in  charge  receive  early  cases  of  mental 
disturbance,  and  watch  the  toxsemia  verge  into  mania,  catatonia, 
and  dementia;  they  notice  the  acetone  breath  and  are  aware  of 
the  true  condition;  but  little  if  anything  is  done  to  stay  the 
progress  of  the  disease,  and  to  save  these  individuals.^' 

As  to  treatment  of  this  class  of  psychoses,  there  is  good 
ground  for  the  belief  that,  intelligently  employed  in  suitable 
cases,  considerable  help  can  be  gained  from  thyroid  preparations. 

*Bnice:    Journal  of  Mental  Science,  Oct,  1896. 

*  Lalgnel-LaTastlne:    La  Prease  mMicale,  Aug.  1.  1908. 

^  Frankl  Rochwart:    Amer.  Jour,  of  the  Medical  Sciences,  Aug.,  191$, 

*L.  Veroon  Bri^^:    Lancet-CUnlc,  Jan.  28,  19U. 
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Mi*Iianc  Jlamilton/   who,   with  Andreizen,   attributes   vmriooB 
forms  of  insanity  anaociated  with  disease  of  the  thyroid  gland  to 
autointoxication,  refers  to  his  own  experience  and  to  that  of 
HabttK-k/  Clark,  and  others  to  the  therapeutic  value  of  these 
a^^'iits.     In  ctises  of  stu{K>rous  melancholia,  cerebral  exhaustion, 
ant]  rlironic  ili8turi>ed  states  of  an  asthenic  type,  there  was  a 
]in»inpt  lighting  up  of  the  mental  condition,  elevation  of  the 
t(*in|KTatun.\  and  an  increase  of  hsmoglobin  in  some  instances 
of  over  W  per  cent.     They  were  also  found  useful  in  chronic 
insanity    with   orotic   delusions   and    psychoses   in    which    the 
rtiinpleto  symptom-complex  of  catatonia  was  present,  and  also  in 
irtscs  of  climacteric  despondency.     Easterbrook,*  using  thjToid 
in  100  vases  which  had  proved  intractable  by  other  methods,  ob- 
tainiMl   12  per  cent,  recoveries.     He  found  it  more  eflfective  in 
women  than  in  men,  the  best  results  being  obtained  in  mental 
disorders  connected  with  childbearing.     Of  22  patients  treated 
by  IxH'jK^r/  12  recovered;  only  1  of  these  required  readmission 
subscijuently,  all  others  being,  as  far  as  he  could  ascertain,  per- 
manent! v  Hieved.    Converselv,  A.  W.  Wilcox^"  did  not  obtain 
satisfactory  results.    His  beginning  daily  dose  was  15  grains  (1 
(iin.),  increased  daily  by  15  grains  (1  Gm.)  until  60  grains  (4 
Gm.)  were  ^iven  daily. 

Very  valuable  in  this  connection  is  a  report  by  Mabon  and 
Babcock,"  based  on  the  results  of  thyroid  treatment  in  1032 
coIU»(te<l  cases  of  insanity,  in  which  the  following  conclusions  are 
readied :  1.  The  dose  of  the  extract  depends  entirely  on  the 
individual  case.  In  some  cases  25  grains  (1.65  Gm.)  three  times 
a  (biy  will  be  necessary  to  bring  about  a  circulatory  or  tempera- 
ture reaction,  while  in  others  the  same  results  may  be  had  with 
the  use  of  5  grains  (0.33  Gm.)  /.  i.  d.  Each  case  must  be  a 
law  unto  itself.  2.  It  is  essential  that  the  patient  should  be 
placed  in  bed  to  obtain  the  best  results,  and  he  should  be  con- 
tinued there  during  the  entire  treatment  and  for  a  week  following 
its  discontinuance.  3.  The  treatment  should  be  continued  for 
at  least  thirty  days.    4.  We  should  not  be  discouraged  by  failure 


*McLanc  HamiltOD:     Medtcal  Record    April  29.  1899. 

^Babcock:     New  York  SUte  Hosp  tal'a  Bulletin.  Jan..  1896. 

•  Eastrrbrook :     Scottish  M  d    n^d  S  r^    Jour.,  Dec,  1900. 

»Leep<r:     M  deal   Pr  vs       d       r        r    J:ly  5,   1905. 
»•  Wilcox:     Lend,  r:   L;  :;     •  .         -^9 

"  Mabon  and  Daococ:     Am  ran  Jo  rnal  of  Insanity,   Oct,  1899. 
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in  the  first  administration,  but  should  resort  to  two,  three,  or 
more  trials,  if  necessary.  5.  The  most  gratifying  results  in 
thyroid  treatment  are  to  be  obtained  in  cases  of  acute  mania  and 
melancholia  with  prolonged  attacks,  puerperal  and  climacteric 
insanities,  stuporous  states  and  primary  dementia,  particularly 
where  these  forms  of  mental  alienation  do  not  respond  to  the 
usual  methods  of  treatment.  6.  A  high  temperature  reaction  is 
not  essential,  as  the  average  maximum  temperature  in  the  re- 
covered cases  among  men  was  99.6*".  7.  Physical  improvement 
is  the  outcome  in  most  cases  whether  mental  improvement  takes 
place  or  not.  8.  The  proportion  of  individuals  who  recover 
imder  thyroid  treatment  and  then  relapse  is  less  than  the  pro- 
portion that  relapse  after  recovery  from  other  methods  of  treat- 
ment. In  a  series  of  his  cases  only  one  patient  who  had  recovered 
has  relapsed. 

I  would  urge  in  this  connection  that  small  doses  of  desic- 
cated thyroid,  1  grain  (0.066  Gm.),  increased  only  if  necessary 
to  2  grains  (0.13  Gm.)  at  most,  be  used  in  these  cases.  Those 
who  have  criticised  the  use  of  thyroid  in  psychoses  erred  in  this 
direction  and  brought  on,  by  excessive  doses,  the  very  untoward 
phenomena  which  they  deplore,  by  loading  the  blood  with  patho- 
genic wastes. 

Hypodermoclysis  or  enteroclysis  should  also  be  used  periodi- 
cally to  facilitate  osmosis  and  hasten  the  elimination  of  all  wastes 
through  kidneys,  intestines,  and  skin. 

Again,  it  should  be  remembered  that — at  least  according  to 
my  views — the  use  of  thyroid  gland  enhances  the  vulnerability 
of  the  organic  phosphorus  to  oxidation,  and  that,  therefore,  the 
consumption  of  this  element  is  greatly  augmented  by  this  agent, 
as  is  well  shown  by  the  increased  elimination  of  PjOj.  This  loss 
should  be  compensated  for,  particularly  iij  depressive  mental 
states  (the  brain-cells  being  rich  in  phosphorus),  by  administer- 
ing lecithin,  or  glycerophosphate.  Berkeley,**  though  unaware 
of  my  explanation  of  the  influence  of  thyroid  on  tissue  phos- 
phorus, found  lecithin  very  valuable  in  catatonia  when  given  in 
conjunction  with  small  doses  of  desiccated  thyroid. 

In  dementia  pnpcox  we  have  the  opposite  condition,  i.e., 
hyperthyroidia  as  an   underlying  cause.     As  Berkeley   states: 

u  Berkeley:    Thid,,  Jan..  1909. 
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"Kxophthalmic  goiter  cases  and  casea  of  catatonic  dementia 
prveox  liave  usually  an  enlargement  of  the  thyroid  gland,  the 
liruit  over  Uie  neck,  the  high  tension  and  rather  rapid  poise, 
aitvntuation  of  the  second  aortic  sound,  wide  pajMls,  inarease 
I  if  tlio  superficial  and  deep  reflexes,  and,  lastly,  a  moderately 
sninl\  cell  lymphocytosis.'^*    The  inference  is  obvious:  excess  of 
Uiyroid   activity  must  be  the  underlying  cau^e  of   d^nentia 
pmii>x.    Thyniid  and  other  organic  agents  proved  harmful,  but 
fNirtial  removal  of  the  thyroid  proved  curative^  as  first  shown 
liy  IWrkloy.    The  cause,  whether  tonsillar,  dental,  intestinal,  ete^ 
(if  the  thyroid  erethism,  must  be  removed.    Bayard  Holmes  and 
also  myself.***  have  cured  severe  cases  by  flushing  the  colon 
throu^rh  an  alKlominal  opening.     Yet^  some  eases,  especially 
tliosi*  of  tiie  hebephrenic  type,  have  been  benefited  by  thyroid 
tn^itiueiit,  as  oliserved  by  Levison,"*  Davidson,  *•*  and  others. 

Epilki»sy. — Certain  features  of  the  pathogenesis  of  epilepsy 
an'  iie^liH^Hl.  Besides  the  usual  array  of  symptoms,  diagnostic 
|K>ii)ti^  etc.,  the  well- worn  and  recognized  etiological  factors; 
intestinal  worms,  indigestible  foods,  cicatrices,  dentition,  frtght, 
niastnritation,  alcohol,  lead  poisoning,  syi^ilis,  uraemia,  and  that 
gn'at  biu^ket  of  iniquities,  heredity,  are  doing  duty  as  of  old,  with 
tumors,  sclerosis,  and  nuclear  degeneration  as  local  lesiona  The 
piiysiciau  is  enjoined  to  remove  the  cause  in  all  conditions  in 
whirii  tliis  is  at  all  possible,  to  look  to  depressants  as  mainstays — 


witJi  the  bromides  and  chloral  in  tJie  lead — and  to  think  well  of 
lUivlums  and  n»treats. 

Tlie  features  which  seem  to  be  overlooked  are  peculiar  in  the 
sense  tJiat,  fnmi  the  standpoint  of  practice,  they  exceed  all  others 
in  imiwrtance.  In  ftu-t,  they  constitute  the  deus  ex  machina  of 
tlie  Tit^  as  it  were,  literature  shows  plainly,  for  instance,  that 
tlie  dominant  note  in  the  pathogenesis  of  the  convulsions  is 
impairment  of  metal)olism,  and  tliat  the  spasmogenic  agent  is 
si>me  toxic  a^*nt  in  Uie  blood-stream.  Pathological  variations  of 
vasomotor  action,  duo  more  or  less  to  a  morbid  condition  of  tlie 
l>looil,  have  also  asserted  tliemselves  so  strikingly  in  the  produc- 
tion of  fits  tJiat  some  obserxers  have  been  inclined  to  regard 
them  as  the  foundation  of  the  whole  svinptom-complex.    Again, 

»*»erkJ«»y:    l.or.  fit,  

***8i0oua:    N«»w  York  M«*d  Jour..  FVb.  14.  1990. 

M^L#vlw>ii:     HuapJUIttWeudo.  No.  3«.  1909. 
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destruction  of  the  dpasmogenic  agent  has  been  urged  by  some  as 
the  only  reasonable  principle  of  cure  in  opposition  to  the  use  of 
bromides  and  chloral,  which  tend  to  increase  its  formation  in  the 
blood-stream.  Finally^  bacterial  toxins  may  be  the  underlying 
cause. 

As  to  the  presence  of  toxic  wastes,  so  able  an  observer  as  L. 
Pierce  Clark/*  after  a  study  of  150,000  seizures,  concludes  that 
"we  must  see  the  principle  of  pathogenesis  in  an  initial  toxin  or 
autointoxication,"  i.e.,  "an  accumulation  of  waste  products." 
The  relationsliip  between  the  latter  and  the  production  of  epilep- 
tic seizures  is  further  shown  by  the  fact,  emphasized  by  Van 
Gieson^"  and  many  others,  that  the  attacks  are  more  frequent 
when  gastro-intestinal  disorders,  especially  those  due  to  over- 
eatiug,  gulping,  and  constipation,  are  present  than  at  other 
times.  Indeed,  Herter'*  caused  typical  tonic  and  clonic  con- 
vulsions and  death  in  rabbits  in  forty-five  minutes  by  injecting 
the  defibrinated  blood  of  an  epileptic  overfeeder,  while  blood 
from  an  ordinary  patient  did  not  produce  such  effects.  Krain- 
sky*^  also  provoked  characteristic  seizures  in  rabbits  in  two  or 
three  minutes  and  several  recurrences  with  blood-serum  obtained 
by  cupping  from  a  case  in  status  epilepticus.  Ceni"  found  the 
blood  of  epileptics  poisonous  to  man  also.  Thus,  he  ascertained 
experimentally  that  "non-epileptic  subjects  react  under  injections 
of  hypertoxic  serum,  and  present  intoxication  phenomena  that 
are  analogous  to  those  observed  in  epileptics,  though  less  intense 
and  unaccompanied  with  psychic  disorders  or  epileptic  attacks." 

The  effect  of  such  poisons  on  the  vasomotor  mechanism  is 
quite  as  evident.  The  conjunctiva  and  face  of  the  epileptic  from 
whom  Herter  obtained  the  hypertoxic  serum  referred  to  were 
congested.  That  this  was  due  to  the  action  of  the  poison  in  his 
blood  is  shown  by  many  facts.  "Certain  drugs,  notably  absinthe," 
writes  Schafer/®  "produce,  when  injected  into  the  vascular 
system,  convulsive  attacks  which  are  scarcely  distinguishable 
from  the  epileptic  fits  ])rovoked  by  stimulation  of  the  cortex 
cerebri."    Now,  all  such  drugs  cause  a  marked  rise  of  the  blood- 


"L.  Pierce  Clark:     Medical  News.  July  18.  1903. 

**Van  Oleson:     Cited  by  House:     Buffalo  Medical  Journal,  June,  1898. 

*•  Herter:     Jour,  of  Nerv.  and  M'nt.   Dls..  Feb..  1899. 

"Kralnsky:     Wiener  kiln.    Woch..    Feb.   21.    1898. 

"Cenl:     Rirlsta  Sperlme.ntale  d'  Frenlatr.a.  vol.  xxxi,  Fasc.  11,  1906. 
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pressure.  This  may  be  shown  by  comparison  with  a  few  of  the 
many  other  spasmogenic  drugs.  Thus,  while  absinthe  was  found 
to  cause  intense  congestion  of  all  organs  examined  by  Pauly  and 
Bonne,*®  Wood**  states  that  "the  full  dose  of  strychnine  pro- 
duces a  rise  of  the  arterial  pressure  which  is  enormously  in- 
creased during  the  convulsions."  He  refers  also  to  the  observa- 
tion of  Bezold  and  Bloebaum,  "that  when  a  small  dose  of 
atropine  is  injected  into  the  carotid  artery  near  the  vasomotor 
centers'*  .  .  .  "there  is  an  instantaneous  rise  of  blood- 
pressure" — "a  great  rise,"  he  subsequently  remarks.  Cocaine,  as 
shown  by  von  Anrep,  causes  "convulsive  movements  of  cerebral 
origin"  which  "are  arrested  by  section  of  the  spinal  cord." 
Wood  also  says:  "Certainly  the  evidence  is  overwhelming  that 
cocaine  directly  increases  the  blood-pressure."  The  fits  caused 
by  this  drug  are  precisely  those  of  epilepsy;  the  syndrome  is 
known,  in  fact,  as  "cocaine  epilepsy." 

In  typical  epilepsy  the  participation  of  the  vasomotor 
mechanism  is  none  the  less  marked.  Spitzka,  over  thirty 
years  ago  (1881),  attributed  the  epileptic  seizures  to  the 
"explosive  activity  of  an  unduly  irritable  vasomotor  center,"  and 
most  neurologists  regard  epilepsy  as  "a  functional  vasomotor 
disease."  The  blood-pressure  is  not  only  high,  as  observed  by 
Frangois-Franck  and  Pitres,  but  the  speed  of  the  blood-stream 
in  muscular  vessels,  according  to  Leonard  Hill,**  is  from  three 
to  five  times  greater  than  usual — an  index  of  the  violence  of  the 
cortical  circulation.  Indeed,  Weber*'  found  vascular  lesions  and 
extravasations  in  the  cortex  and  medulla  of  cases  of  status 
epilepticus,  so  great  was  the  force  which  urged  the  blood  into 
the  capillaries.  Onuf  even  found,  besides  the  capillary  changes, 
tortuosity  and  aneurismal  dilatations.  Victor  Horsley**  has 
emphasized  the  importance  of  congestion  of  the  cortical  mantle 
in  the  production  of  epileptic  seizures.  Ito*°  caused  them  in 
guinea-pigs  by  producing  traumatic  hypera^mia  of  the  cortex. 

We  thus  have,  as  cause  of  the  convulsions,  a  toxic  in  the 
blood  capable  of  producing  a  high  vascular  tension,  and  thereby 


*>  Pauly  and  Bonne:    Gaz.  hebd.  de  m^d.  et  d?  Chir.,  May  13.  1897. 

"  Wood:    "Therapeutics.  Ita  Principles  and  Practice,"  13th  ed.,  p.  m,  190C. 

"Leonard  Hill:     SchAfer's  "T.   B.  of  Physiol.."  vol.  II.  p.  166,  1398. 

"Weber:    Wiener  med.  Woch.,  Bd.  xllx,  8.  158,  1899. 
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excessive  hyperemia  of  the  cortex.  This  hyperaemia  is  a 
recognized  cause  of  epileptic  seizures;  in  fact,  as  shown  by 
Prus,**  even  electrical  excitation  of  the  cortex  cannot  provoke 
fits  after  it  has  been  anaesthetized  by  a  local  application  of 
cocaine.  This  is  not  intended  to  mean  that  a  high  vascular 
tension  due  to  toxics  of  internal  or  external  origin  will  pro- 
duce epileptic  seizures  in  every  one  and  any  one;  were  it  so, 
the  many  disorders  of  the  gout  series  would  likewise  provoke 
them.  What  I  do  mean  is,  that  in  all  epileptics  the  exciting 
factor  of  the  seizures  themselves,  and  irrespective  of  the  condi- 
tion which  renders  the  subject  liable  to  them,  is  a  poison  formed 
in  the  tissues  or  food  residues,  toxalbumins,  and  that  our  chief 
aim,  if  we  are  ever  to  obtain  mastery  of  the  dread  disease,  should 
be  to  destroy  these  poisons  and  prevent  their  formation.  Is  it 
by  saturating  the  system  with  bromides — ^which  lower  oxidation 
— ^that  this  can  be  accomplished?  Such  treatment  ignores 
nature's  danger-signals,  and  gives  the  spasmogenic  poison  free 
sway. 

What  are  the  weapons  at  our  disposal  that  are  capable  of 
causing  the  destruction  of  these  poisons  and  of  preventing  their 
formation  ? 

Textbooks  on  the  practice  of  medicine,  including  the  '^ast 
editions,"  continue,  regardless  of  the  admonitions  of  men  of 
large  experience  to  the  contrary,  to  advocate  the  use  of  bromides 
as  a  curative  measure.  Percy  Bryant,-^  ten  years  ago,  empha- 
sized the  fact  that  the  bromides  had  added  another  disease  in 
many  epileptics,  namely,  bromism.  Spratling,^^  as  the  result  of 
a  close  study  of  several  thousand  cases  at  the  Craig  Colony,  con- 
cluded that  "we  must  not  only  regard  the  bromides  as  powerless 
to  cure  epilepsy,"  but  also  "as  capable  of  doing  as  much  harm 
as  they  do  good  as  they  are  ordinarily  administered."  F. 
Peterson^"  has  reported  11  cases  in  which  the  number  of 
attacks  was  greatly  reduced  by  withdrawal  or  marked  reduction 
of  the  drug:  "in  some  cases,"  says  this  neurologist,  "the 
improvement  is  startling." 

In  the  light  of  the  evidence  I  have  submitted  in  the  fore- 
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;:<»iii^  pA^y  tlio  untnm'ard  effects  of  the  bromideB  are  readily 
:ic<*«)iiiitni  for.  Tlie  seizures  arc  due  to  the  presence  in  the  blood 
nf  toxic  waiitt*  products  which,  by  powerfully  exciting  the  vaso- 
iiiotor  (riitiTy  rauf<c  an  intense  rise  of  Tascolar  tension  and 
violi'iit  liyiH'nvitiia  of  the  cortex.  The  logical  indication  is  to 
prcviMit  tlic  formation  of  these  toxic  wastes  by  measures  that 
i'n)ian(-<^  t)ii*  oxiilation  processes  through  which  they  are  con- 
vtTtiHl  into  liamili*si«,  readily  eliminated  end-products.  Now, 
tlu'  l>ronii<lt»s  pHHluce  precisely  the  opposite  effect;  Wood** 
states  tliat  "(*Yi*n  small  doses  of  bromide  are  directly  depressant 
to  tlir  circulation.'*  Again:  ^^In  mammals  the  bromide  acts 
vcrv  much  as  on  frogB,  inducing  progressive  paralysis,  depression 
of  trm|)<raturc,  and  death  by  asphyxia  when  given  in  small 
]>oisoiious  iloscs/*  Asphyxia  here  clearly  points  to  the  drug  as 
ouc  that  imimirs  oxidation,  a  fact  emphasized  by  the  lowered 
tcm|M»raturc.  C'liloral.  also  used  considerably  in  epilepsy,  is  fully 
as  harmful;  Kichardson,  Hammerstoin,  and  others  have  found 
that  it  could  riMluce  the  temperature  very  greatly — 6®  C.  (10.8® 
F.),  according  to  the  last-named  obser>'er. 

Of  major  importance  in  this  connection  is  the  fact  that  the 
l)romi<lcs  paralyze  a  mechanism  which,  from  my  viewpoint,  is 
the  pati«*nt's  sheet-anchor,  viz.,  the  adrenal  system.  This  action 
is  sufliciently  marked  in  some  instances  to  cause  bronzing 
"similar  to  that  ohserved  in  Addison's  disease.  Boumevillc  and 
(hapotin,-^*  for  instance,  refer  to  flcheverria,"  who  witnessed  a 
case  in  which  the  hrow  and  neck  "were  markedly  pigmented 
hrown,"  and  to  others  re]>ortod  hy  Voisin ;  in  one  of  these  "the 
skin  of  the  face  was  a  dark,  dirty  yellow";  in  another  it  was 
'Voyered  with  hronze  pati'hes  having  no  connection  with  the 
acne."  Inasmuch  as  it  is  the  adrenal  secretion  which  takes  up 
the  oxygen  of  the  air  to  carry  on  oxidation  (as  the  albuminous 
constituent  of  haMuoglobin)  throughout  the  entire  organism,  the 
bromides — i^hloral  as  \vell — inhibit  precisely  the  function  which 
should  be  aotiyated. 

On  the  whole,  it  is  hy  preventing  the  destruction  of  the  toxic 
wastes  which  provoke  the  fits  that  these  drugs  are  harmful,  and 
it  is  obvious  that  their  use,  under  the  delusion  that  they  are 
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curative,  can  only  serve  to  perpetuate  the  distrain?  unless  us^hL  as* 
Bhown  below,  with  the  greatest  discretion. 

Another  ver}'  important  feature  in  the  treatment  of  thoso 
cases,  however,  is  the  diet.  In  some  of  my  cason  thin  alouo 
sufficed  to  reduce  the  number  of  paroxysms  from  several  a  thiv 
to  one  or  two  a  week,  and  in  one  instance  to  cause  their  ecHKatioii 
as  long  as  the  patient  abstained  from  the  use  of  ct^rtain  ftHiiU 
and  beverages,  including  coffee  and  tea.  The  gi'ueral  prineipli' 
involved  in  this  connection  is  that  we  are  dwiling  mainly  witli 
poisons  formed  during  the  breaking-down  of  worn-out  V\\\\\\( 
substance,  i.e.,  during  catabolism,  and  that  thene  poinouK  form 
owing  to  insufficiency  of  those  constituents  of  the  blood  wliirli 
carry  on  catabolism  and  destroy  the  toxic  wastes.  In  tlit» 
majority  of  cases  the  food-intake  is  excessive,  and  i\\v.  celhiliir 
elements  are  burdened  with  detritus  which  cannot  be  <'ompleli»ly 
converted  into  eliminable  products.  The  blood,  therefore,  Ik 
loaded  with  substances  which  irritate  the  vasomotor  cenli?r  and 
thus  provoke  the  seizures. 

The  practical  lesson  of  this  principle  is  obvious,  utniwly,  lo 
allow  the  patient  only  the  quantity  of  f'>od  strictly  nec<f»*Hary  to 
the  needs  of  the  body.  Indeed,  neurologists  of  wide  nxintriiiUin 
have  found  that  the  best  results  an;  obtainc;^!  when  th«;  ftptn\ 
consists  mainly  of  cereals,  milk,  fruits,  and  liutli^r  K^/nn? 
include  egg^,  but  others  objwrt  to  thrrrn.  Meat,  if  allow<f<J  at  all, 
should  be  Ftrietlv  limiteil  to  tbe  niiddav  m«?al,  and  <fv<fj  tinfst  in 
small  quantities.  P^at>*,  fried  f^K^Jj*,  and  pa»*try  ofU'ti  ffrmi 
harmful.  Stimulants  which  tend  primarily  i/t  t'nn^*'.  a  riw  oi  t^y 
blood-presrurr-,  i.e.,  ah-'/hol,  coff*;^?,  and  t'-a,  ►h';ijjd  ii'/t  \>^*  HV,o^i^U 
Gastro-inteftinal  dis^>rd«'rji  K>metim';»<  huiYu-ti  t/>  awak^j  tJ)<r  dj>. 
ease.  Appropriate  tr^ratment,  indudin^r  daily  (:fAoU'fi*)*ihhiy  i»i'K 
normal  saline  ^Aui'y>u,  ha»*  proytfn  ^fjrativ*;  in  ¥u<'h  iH*^i^.  'l':»*' 
patient  should  a3^>  U,-  <tj joined  to  drink  wa^/rf  fr<^r)y,  'a,  '/?']<••  v^ 
facilitate  the  eiinJj.ation  of  wa^t^, 

which.  a>j  I  ha'»<r  ://.'. vd  o'jt  <r!>,^wf*^r"**  "fjr.^fi'i-  '/.".'.v*  '»•    *'.♦ 
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ville'*  found  that  thyroid  extract  failed  to  arrest  the  seizures, 
and  even  increased  them.  But  the  cause  of  this  is  self-evident : 
he  gave  full  doses^  and  thus  enhanced  general  metabolism  so 
actively  that  he  increased  the  production  of  wastes.  Browning,*' 
on  the  other  hand,  caused  the  cessation  of  convulsions  in  epilep- 
tics by  giving  %-grain  (0.05  6m.)  doses  twice  daily.  He  states 
that  these  cases  "are  due  to  or  associated  with  disturbances  in 
the  general  metabolism  of  the  body"  and  refers  to  them  as 
"pseudo-epilepsy."  All  cases  of  idiopathic  epilepsy  should  be 
considered  in  the  same  light  if  the  term  "pseudo-epilepsy^^  were 
warranted  at  all,  since,  as  we  have  seen,  Pierce  Clark  and  others 
ascribe  the  disease  to  "an  accumulation  of  waste-products." 
Browning's  cases  were  bona  fide  cases  of  epilepsy,  and  what  they 
do  teach  is  that  small  doses  of  thvroid  extract  are  alone  indicated. 
These,  however,  as  my  own  observations  have  shown,  must  be 
very  gradually  increased  according  to  the  effect  on  the  patient. 
I  usually  begin  with  1  grain  (0.066  Gm.)  at  each  meal,  giving 
a  small  dose  of  sodium  bromide  on  retiring  at  first,  if  necessary, 
and  gradually  reducing  the  dose  until  none  is  given  at  all. 
Some  cases  are  benefited  by  larger  doses  of  thyroid.  Thus,  in  a 
case  treated  by  a  colleague,  under  my  supervision,  the  nurse, 
through  a  misinterpretation  of  instructions,  doubled  the  dose; 
the  result  was  considerable  improvement.  Sochting*'*  obtained 
remarkable  results  also  in  a  case  in  which  hypothyroidia  was  evi- 
dent— the  underlying  cause  of  cases  cured  with  thyroid. 

Osbome^^  also  refers  to  a  number  of  cases  of  epilepsy  treated 
successfully  with  thyroid,  several  cases  being  in  women  at  the 
time  of  the  menopause  and  in  young  girls  at  the  time  of  puberty. 
There  being  no  assignable  lesions  for  the  epileptic  attacks,  "I 
reasoned,"  says  this  clinician,  "that  they  must  be  purely  toxic, 
and  that  this  toxaemia  was  in  excess  periodically  when  the  patient 
should  have  menstruated.  Many  of  these  patients  had  received 
bromides,  and,  while  this  postponed  or  controlled  the  epileptic 
attacks,  general  debility  and  bromism  were  appearing.  In  the 
young  girls  I  used  thyroid  as  an  emmenagogue,  with  the  belief 
that  normal  menstruation  would  prevent  the  attack  of  epilepsy. 
I  found  tliat  it  did.    I  then  used  tlie  thyroid  in  the  menopause 

■»  Bourneville:     Le  progr^s  mM.,  vol.  xxiv,  p.  20,  1896. 
"Browning:     Jour,   of  Nerv.   and   Ment.   Die.,  Oct,  1902. 
"•Sdchtlng:     Medlzln.   Klinik.   May  1.  1910. 
"Oaborne:    Jour.  Amer.  Med.  Assoc.,  Nov.  3,  1906. 
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canes,  in  some  continuously  in  small  doses,  and  in  others  a  few 
days  a  month  at  a  possible  menstrual  epoch.  I  found  that  I 
could  control  and  prevent  the  epileptic  attacks  as  well  with 
thyroid  as  could  be  done  with  bromides,  and  with  much  better 
results  to  the  system."  Similar  cases  have  been  reported  by 
A.  Gordon  ;'^*  Sicard^^**  found  that  bromides  counteracted  actively 
the  effects  of  thyroid,  while  Manson'^*'  noted  the  marked  value  of 
thyroid  in  the  epilepsy  of  cretins — a  suggestive  relationship. 

Briefly,  the  treatment  of  epilepsy  should  have  as  main 
object,  as  I  pointed  out  in  1903,'®  to  activate  the  catabolism  of 
spasmogenic  wastes  through  the  adrenal  system  and  to  avoid, 
as  a  cure,  drugs  such  as  the  bromides  and  chloral,  which  depress 
this  function.  In  some  instances,  the  iodides  serve  a  better  pur- 
pose; the  salicylates  (or  salicin,  5  grains  [0.33  6m.]  three  times 
daily)  are  also  effective,  as  Haig,  Vincent,'*  and  others  have 
shown,  but  both  these  agents  stimulate  the  adrenal  center  and 
enhance,  therefore,  the  oxidation  processes.  Such  remedies,  to 
keep  the  blood  free  of  toxic  wastes ;  dietetic  measures,  to  reduce 
the  quantity  of  such  wastes  formed ;  and  finally,  the  free  use  of 
water,  to  insure  the  rapid  elimination  with  the  urine,  sweat,  etc., 
of  all  physiological  wastes,  constitute  a  therapeutic  triad  which 
soon  causes  the  vasomotor  center  to  lose  its  irritability,  thus 
preventing  the  cortical  hypersemia  to  which  the  convulsions  are 
due.  A  small  dose  of  strontium  bromide  at  night,  to  reduce  the 
hypersensitiveness  of  the  vasomotor  center,  may  be  used,  but  if 
progress  is  made  without  it  no  bromide  had  better  be  given. 

Isolated  cases  in  which  thyroid  proved  of  value  have  been 
reported  by  a  number  of  observers,  who  in  most  instances  specify 
that  the  bromides  had  proven  ineffectual.  A  series  of  6  cases 
in  which  hypothyroidia  was  discernible  were  treated  by  A. 
Gordon.*®  In  these  cases  a  remarkable  change  took  place,  both 
in  the  general  condition  and  in  the  frequency  of  the  epileptic 
seizures.  On  the  other  hand,  Pierce  Clark*^  used  th\Toid  in  5 
cases,  which  failed  to  be  "attended  with  very  good  results.'^    Two 

■T' Gordon:    Penna.  Med.  Jour..  Feb..  1910. 
*'*»Sicard:    Jour,  de  m^d.  de  Paris,  Nov.  19,  1910. 
"*  MtLUBon:    Med.  Record.  Jan.  1.  1910. 

**SaJou8:    IbUl.,  p.  769,  1903;   Monthly  Cyclo.,  Jan.,  1903;  Jour.  Amer.  Med. 
Assoc..  Feb.  4.  1905. 

•  Vincent:    Journal  of  Mental  Science,  April,  1904. 
*•  Gordon:    Therapeutic  Gazette.  Dec..  1907. 
"Clark:    Medical  Record,  Oct.  24,  1896.* 
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points  stand  out  prominently  in  these  cases:  (1)  .the  dose  was 
too  large^  the  initial  dose  being  5  grains  (0.33  Gm.)  U  i.  d.,  and 
(2)  eases  were  selected  "in  which  epilepsy  had  been  a  promi- 
nent feature  in  the  patient's  life  since  early  infancy/'  Obviously, 
in  the  latter  instances  we  were  dealing  with  advanced  gliosis, 
which  precluded  all  hope  of  cuire.  Yet>  as  Pierce  Clark  says, 
"all  seemed  to  be  benefited  for  the  time  being.'*  Dercum*^ 
found  as  small  doses  as  %  to  14  grain  (0.008  to  0.016  Gm.)  for 
prolonged  periods  very  helpful. 

In  some  cases  the  causative  toxaemia  is  primarily  due  to 
toxins  derived  from  intestinal  stasis^  carious  teeth,  chronic 
sinusitis  or  tonsillitis  and  other  processes  of  bacterial  origin. 
Search  should  be  made  for  any  pathogenic  factor  and  if  any 
be  present^  it  should  be  eradicated.  In  cases  of  cecal  or  colonic 
stasis  ascertained  by  X-ray  barium  meal  examination,  high 
colonic  flushing  is  very  helpful,  in  addition  to  the  thyroid  treai- 
ment  and  may  be  curative,  as  observed  in  a  personal  case. 

Obesity. — The  fact  that  thyroid  preparations  in  sufficient 
doses  promote  the  rapid  combustion  of  fats  haa  caused  them  to 
be  used  extensively  in  this  disorder.  Given  indiscriminately 
and  empirically,  in  excesBive  doses,  their  use  has  often  been  at- 
tended by  distressing  after-effects. 

The  cases  in  which  thyroid  gland  is  scientifically  indicated 
are  those  in  which  some  degree  of  hypothyroidia  exists,  and  in 
women  in  whom  panhysterectomy,  by  removing  two  organs  rich 
in  adrenal  rests,  the  ovaries,  has  greatly  reduced  the  oxidative 
power  of  the  blood — a  deficiency  which  aflEects  morbidly  the 
tliyroid  apparatus  as  it  does  all  otlier  tissues.  In  the  latter  class 
of  caries,  therefore,  hypothyroidia  is  also  the  foundation  of  the 
obesity.  This  may  be  said  also  of  destructive  disorders  of  the 
pituitary  body  which,  by  depriving  the  thyroid  of  its  functional 
impulses,  reduce  its  functional  activity.  Briefiy,  in  all  cases  of 
obesity  in  which  thyroid  gland  is  rationally  indicated,  the  feature 
to  determine  is  whether  directly  or  indirectly  hypothjrroidia 
underlies  the  adiposis. 

In  very  mild  cases,  the  underlying  cause  is  sometimes  diffi- 
cult to  determine;  but  as  a  rule,  some,  very  few  perhaps,  of  the 
t}T>ical  signs  of  hypothyroidia  may  usually  be  discerned  on  close 

«u  Dercum:    Jour.  Amer.  Me4.  Assoc.,  Izvli,  p.  247,  1916, 
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inquiry.  These  are  chilliness  and  subnormal  temperature,  cold- 
ness of  the  extremities  and  sensitiveness  to  cold;  fatigue  on 
slight  exertion;  constipation  with  tendency  to  tenesmus;  more 
or  less  frequent  attacks  of  migraine,  "sick  headaches'*  with 
nausea,  vomiting,  etc.,  and  other  periodic  manifestations  of 
auto-intoxication — due  to  inadequate  reduction  of  waste-prod- 
ucts and  their  retention  in  the  blood.  The  skin  taking  part  in 
the  process  of  elimination,  urticaria  and  eczema  may  be  found 
in  the  history  of  the  case,  while  transitory  oedemas  of  the  brow, 
around  the  eyes,  and  sometimes  of  the  face,  even  in  the  absence 
of  albuminuria  or  casts,  may  also  have  occurred.  Enuresis  is 
commonly  observed  in  fat,  pasty  children  of  this  type  and  may 
persist  to  adult  age.  The  patient  may  be  subject  to  frequent 
catarrhal  disorders  of  the  respiratory  j)a8sages,  usually  ascribed 
to  colds,  but  due  mainly  to  vascular  and  glandular  relaxation. 
A  tendency  to  early  alopecia,  including  the  eyebrows  (especially 
their  outer  third),  is  abo  noticeable  in  some  instances — a  sign 
of  deficient  general  nutrition  which  coincides  with  a  marked 
proclivity  to  early  senility.  The  supraclavicular  pads  are  some- 
times discernible  when  the  adiposis  is  not  excessive.  Even  in 
the  latter  case  sometimes  the  pads  project  beyond  the  general 
level. 

In  women,  the  menstruation  appears  late  owing  to  retarded 
development,  and  there  is  a  proclivity  to  metrorrhagia  due  to 
laxity  of  the  muscular  coats  of  the  uterine  arterioles,  while  pelvic 
disorders  are  apt  to  occur  owing  to  deficient  support  of  the 
uterus,  lack  of  tone  in  its  muscular  elements.  Leucorrhoea  is 
also  frequent  owing  to  relaxation  of  the  glandular  elements  of  the 
whole  genital  tract.  Such  women  conceive  readily,  but  abortion 
is  ver}'  frequent  among  them;  if  the  fcrtus  is  carried  to  the 
normal  period,  they  have  little  or  no  milk.  If  the  obesity  is 
marked,  sterility  is  the  rule;  but  when  such  patients  are  given 
thyroid  gland  and  their  obesity  is  reduced,  they  readily  become 
pregnant,  as  observx^l  by  Ilertoghe,  Montgomery,  and  others. 

Cases  of  obesity  due  to  hypothyroidia  also  afford,  as  a  rule, 
quite  a  clue  as  to  the  presence  of  this  condition,  by  the  statement 
that  none  of  the  dietetic  *^'ures"  st»emed  to  improve  their  condi^ 
tion.  Indeed,  most  of  them  complain  of  having  been  made 
worse.     This  is  readily  explained  by  the  fact  that  their  hypo- 
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th}Ti»i(lia  (t)ulil  only  be  aggravated  by  deficiency  of  food  and 

fuixvd  I'xeiX'iiH?. 

Contraindications  to  the  use  of  thyroid  prqMrationa  in 
obesity  have  been  elaborated  by  variouB  observers;  but  perusal 
of  thi'ir  work  indicates  clearly  that  they  have  been  administering 
exi-essive  doses.  Several  lives  have  been  lost  under  these  condi- 
titins.  and  many  others  have  been  lost  by  self-dragging.  Large 
dost^:  are  always  dangerous  in  the  obese,  since  the  heart  is  itself 
invariably  fatty,  while,  conversely,  small  doses  are  always  helpful 
Uvaust*  they  very  gradually  rid  the  heart  of  the  fat  which 
i\>ni promise's  its  functions  and  eventually  causes  death — ^when 
the  pationt  has  not  Ihhmi  carried  oflf  by  some  intercurrent  dis- 
onKrs.  Kven  moderate  doses  have  not  proven  harmful  when  the 
patient  was  under  medical  surveillance. 

The  dose  of  desiccated  thyroid  need  not  exceed  1  grain 
(0.006  Gm.)  three  times  daily  in  any  case.  This  suffices  to 
cause  a  decrease  of  weight  of  from  1  to  3  pounds  a  week,  and 
sometimes  more,  Anders*'  having  observed  in  2  cases  under  this 
dose  **a  progressive  loss  of  weight  at  the  rate  of  4  to  6  pounds 
jH^r  wivk,  respectively,  without  injury  to  the  general  health/' 
Sucii  doses  do  not  impose  upon  the  patient  the  need  of  modifying 
his  usual  mode  of  living  and  his  diet  need  not,  unless  excessive, 
Ih»  altered.  Occasionally,  the  dose  must  be  gradually  increased 
to  '2  grains  (0.13  Gm.)  three  times  daily,  but  this  is  seldom 
nivcs^sarv. 

When  the  obesity  is  accompanied  by  weakness,  the  appetite 
is  usually  ineroasod,  especially  when,  as  is  my  custom,  */bo  grain 
(0.0013  Gm.)  of  strychnine  is  given  with  each  dose  of  desiccated 
thyroid.  The  patient  does  best  under  these  conditions,  when 
lean  moats,  plainly  broiled,  roasted,  or  stewed,  constitute  the 
increase  of  his  dietary.  This  treatment  is  valuable  in  another 
dirivtion:  it  tends  to  counteract  any  tendency  to  constipation 
that  may  be  present. 

The  unioirard  effects  most  frequently  met  with  in  obese 
subjects  are  of  cardiac  origin:  marked  discomfort  in  the  pre- 
cordia ;  dyspnoea,  with  tendency  to  heart-failure.  In  some 
instances  this  has  been  followed  by  death,  when  marked  fatty 
degeneration  happened  to  be  present.    But,  as  stated,  these  do  not 

«*  Anders:     "Practice."  8th  ed.,  p.  1276. 
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occur  when  sinall  doses — 1  grain  (0.066  Gm.)  of  the  desiccated 
thyroid — ^are  used.  Even  the  greatest  watchfulness  will  not 
prevent  toxic  effects  when  large  doses  are  administered,  since  the 
accumulation  of  the  thyroid  principle  proceeds  at  a  rapid  rate 
and  the  milder  symptoms  of  thyroidism  are  almost  at  once  fol- 
lowed by  its  acute  manifestations — those  previously  described. 

Adiposis  Dolorosa;  Dercum's  Disease, — Having  had  no 
personal  experience  in  the  treatment  of  this  rare  disease,  the 
following  quotation  from  a  comprehensive  article  by  Professor 
Dercum,  soon  to  appear,  is  presented : — 

'In  the  treatment  of  adiposis  dolorosa  one  remedy  has 
in  a  few  cases  proved  of  value,  and  that  is  thyroid  substance. 
This  should  be  given  in  doses  of  from  2i/^  to  5  grains  (0.165 
to  0.33  Gm.)  three  times  daily,  for  a  very  long  time.  The 
salicylates,  notably,  aspirin,  are  of  decided  value  in  relieving 
the  pain.  The  best  plan  of  procedure,  as  a  matter  of  course, 
is  to  place  the  patient  in  bed,  and  to  institute  a  systematic 
course  of  treatment.  The  rest  should  be  absolute  and  should 
extend  over  several  months  of  time. 

"The  patient  should  be  weighed  when  treatment  is  begun 
and  thyroid  substance  given  at  first  in  small  and  then  in 
somewhat  larger  doses.  At  the  same  time  a  diet  should  be 
instituted  that  is  largely  free  from  carbohydrates  and  fats.  It 
should  be  remembered,  however,  that  a  diet,  no  matter  how 
rigid,  will  of  itself  make  no  impression  in  adiposis  dolorosa; 
it  will  fail  absolutely.  It  is,  of  course,  wise  to  institute  a 
careful  diet,  but  patients  do  better  when  the  diet  is  not  too 
strict.  Inasmuch  as  the  affection  is  attended  by  a  marked 
asthenia,  the  diet  should  be  nutritious.  It  should  consist  of 
the  red  meats  in  moderation,  the  white  meats  freely,  the  suc- 
culent vegetables,  eggs,  and  skimmed  milk.  The  latter  can 
be  used  between  meals,  and,  if  necessary,  also  at  mealtimes. 

"The  pains  are  not  infrequently  controlled  or,  at  least, 
made  better  by  aspirin- or  salophen  in  full  doses,  10  or  15  grains 
(0.66  or  1.0  Gm.)  three  times  daily  after  meals.  Sometimes 
the  tenderness  and  soreness  are  better  borne  when  the  limb  or 
part  affected  is  gently  supported  by  a  flannel  roller;  if  the 
tenderness  be  extreme  a  layer  of  cotton-wool  may  first  be 
applied. 


T2S  THTROtD  ORQANOTHEftAPr.       OOITKR. 

'%Tu5t  a«i  soon  as  the  tenderness  peimits,  gentle  massage 
should  Ite  instituted:  sometimes  this  can  never  be  employed; 
in  other  cases,  again,  it  can  be  instituted  comparatively  early, 
and  thon'  can  be  no  doubt  that  in  a  measure  it  favors  the 
diminution  of  the  swellings,  especially  if  the  patient  can  bear 
dt'vp  kneading.  Bathing  between  blankets,  as  in  ordinary  rest 
treatment,  should  also  be  carried  out,  but  of  themselves  baths 
ai-iiMupIish  nothing  in  adiposis  dolorosa;  indeed,  the  physical 
•  xt-rtion  and  manipulation  attendant  upon  the  application  of 
onlinar}-  hvdrothvrapeutic  measures  in  these  cases  exhausts 
the  ]^tii'nt. 

•'It  is  a  gixxl  plan  to  keep  a  record  of  the  pulse  and  tem- 
{H^raiure  ihiring  thyroid  administration,  although  the  writer 
has  neviT  olisrrvetl  any  fluctuations  of  moment  in  these  cases, 
o\en  when  the  thyroid  was  pushed.  The  patient  should,  of 
course,  W*  weighinl  from  time  to  time,  and  the  dose  of  thy- 
nnd  nuvlituHl  acct^rding  to  the  impression  made.  In  some 
cases  no  iinpression  whatever  can  be  made;  in  other  cases, 
a&rain.  the  inij^ression  is  decided.  In  3  cases  of  the  writer  the 
result  was  most  satisfactory';  2  of  these  were  treated  sys- 
tematii'allv  bv  n^st  in  l>ed;  the  third  could  not,  for  certain 
reasons,  U'  jnit  to  IhhI.  In  all  3  the  improvement  in  the 
si/e  of  the  swellings  and  in  the  lessening  of  pain  was  very 
irreat.  Treatment  was  carried  out  six  months  to  a  year.  In 
I  case  the  atfeition  recurred  at  the  end  of  two  years,  but  was 
apiin  eontn^lleil.  In  the  second,  improvement  and  practically 
s:ood  health  has  ]>ersisted  for  four  years.  The  third  was 
greatly   improvtMl,  and  has  disappeared  from  observation.*' 

GoiTEK. — As  Rogers**  states:  ''Simple  goiter,  or  hyper- 
trophy of  the  thyroid  gland,  is  usually  considered  to  be  a 
*]ist>nler  which  is  entirely  distinct  from  Graves's  disease,  and 
\y^  rei^resent  a  totally  different  pathological  process;  but  there 
are  many  reasons  for  doubting  this  conclusion  and  for  sug- 
gi*sting  something  of  the  same  pathological  physiology,  at  least, 
in  the  origin  of  both  exophthalmic  goiter  and  simple  goiter.'' 
Yet  we  are  confronted  with  the  fact  that  thyroid  preparations 
are  often  useful  in  goiter,  whereas  in  the  active  or  erethic 
stage  of  exophthalmic  goiter  it  is  harmful.    This  is  explained, 

**  Rosen:     Annals  of  Surgery.   Dec,   1!K)9. 
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from  my  viewpoint,  however,  by  the  fact  that  we  are  dealing 
in  goiter  with  a  compensative  reaction  very  similar  to  that 
which  occurs  in  cases  of  exophthalmic  goiter,  as  previously 
stated.  The  presence  of  some  toxic  in  the  blood  (goiters  are 
now  generally  ascribed  to  the  presence  of  some  unknown  toxic 
in  the  drinking  w^ater  of  the  regions  in  which  they  occur  en- 
demically)  creating  a  demand  for  an  increase  of  thyroiodase 
as  one  of  the  antitoxic  constituents  of  the  blood,  the  organ 
is  unable  to  furnish  it.  Being  subjected  to  undue  stimulation, 
the  local  expression  of  which  is  excessive  vasodilation,  it  be- 
comes enlarged,  i.e.,  goitrous.  Briefly,  in  those  cases  in  which 
thyroid  preparations  are  effective,  the  goiter  is  the  result  of 
a  toxa&mia  which  the  added  thyroid  substance  helps  to  coun- 
teract as  one  of  the  physiological  antitoxic  agents. 

In  some  of  these  cases,  however,  both  iodine  and  thyroid 
gland  seem  to  produce  pernicious  effects.  Even  minute  doses, 
as  observed  in  one  of  my  cases,  suffice  sometimes  to  produce 
distressing  symptoms.  It  is  always  advisable  to  begin  with 
fractions  of  doses  and  to  increase  gradually  until  the  bene- 
ficial dose.  Beginning  with  ^/^  grain  (0.033  Gm.)  three  times 
a  day,  the  dose  can  be  raised  gradually  to  2  grains  (0.13  Gm.), 
but  in  most  cases  1  grain  (0.0G6  Gm.)  suffices  to  compensate  for 
the  inability  of  the  organ  to  supply  the  volume  of  thyro- 
parathyroid  secretion  required  by  the  organism  at  large. 

The  dietetic  and  other  measures  indicated  in  these  cases 
have  been  reviewed  in  full  in  the  article  on  goiter,  to  which  the 
reader  is  referred  (page  243,  this  volume).  Surgical  interven- 
tion may  become  necessary  when  pressure  s}Tnptoms  appear.  In 
competent  hands  tlie  post-operative  mortality  has  been  prac- 
tically reduced  to  nil,  and  when  we  consider  that  a  simple 
goiter  may  assume  the  more  formidable  type  of  exophthalmic 
goiter  our  duty  is  to  afford  the  patient  this,  the  surest,  guar- 
antee against  it  when  medical  treatment,  including  the  use 
of  thyroid,  fails  to  turn  the  tide  toward  recover}'. 

Chroxic  Rheumatism. — In  the  treatment  of  this  disease 
we  owe  much  to  the  patient  labors  of  Ijtopold-Levi  and  11. 
de  Rothschild.** 


«*  Ltopold-L^Ti  and  Henri  de  Rothschild:  "Etude  sur  la  physlo-patholoKie 
da  Cori>8  Thjrroide  et  de  I'Hypophyse."  1908:  "Nouvelles  Etudes  sur  la  phyiiio- 
patholoRie  du  Corps  Thyroide  et  des  autrrs  Glands  Endo(>rinos,"  1911. 
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Tliese  leave  no  room  for  doubt  that  thyroid  gland  is  of 
great  value.  In  a  serieB  of  39  eases  ranging  from  the  ages  of 
12  to  75  years,  32  were  greatly  improved,  cure  being  obtained 
in  2  severe  cases.  All  the  concomitant  symptoms,  such  as 
oedema,  neuralgia,  etc.,  were  favorably  influenced;  it  increased 
the  appetite,  caused  the  cardiac  anginas  and  all  neural  phe- 
nomena to  disappear. 

Two  examples  of  the  results  obtained  will  serve  to  illus- 
trate both  the  treatment  resorted  to  and  the  doses  employed. 
Both  were  cases  of  chronic  rheumatism  with  hydrarthrosis.  In 
one  of  these  the  hydrarthrosis  followed  a  fall  from  a  bicycle, 
and  was  the  precursor  of  attacks  of  muscular  rheumatism,  all 
the  joints  being  gradually  involved  in  the  morbid  process.  Not- 
withstanding seasons  at  Aix-les-Bains,  Dax,  and  other  stations, 
the  patient  became  quite  impotent,  having  even  to  be  fed.  The 
usual  remedies  proved  unavailing,  though  aspirin  and  iodine 
seemed,  at  least  for  a  while,  to  be  of  some  benefit.  The  pa- 
tient's condition  becoming  steadily  worse,  thyroid  extract  was 
tried,  beginning  with  1V1>  grains  (0.1  Gm.)  every  other  day 
during  ten  days,  followed,  after  five  days,  by  resumption  of 
the  remedy;  then  giving  again  only  1^^  grains  (0.1  Gm.)  every 
other  day.  This  dose  was  gradually  increased  until,  eleven 
months  later,  the  patient  was  taking  7^^  grains  (0.5  Gm.),  in 
divided  doses,  daily.  Good  results  have  also  been  recorded  by 
Revilliod,  Lancereaux,  and  others. 

The  interpretation  of  the  pathogenesis  of  rheumatism 
I  submit  elsewhere  in  this  work  affords  an  explanation 
of  the  manner  in  which  these  results  are  obtained.  Brieflv, 
from  my  point  of  view,  rheumatism  is  due  to  the  presence  in 
the  blood  of  any  toxin,  or  toxic,  especially  toxic  wastes  derived 
from  excessive  tissue  metabolism,  capable  of  exciting  violently 
the  adreno-thyroid  center,  and  of  increasing  to  an  abnormal 
degree,  therefore,  the  functional  activity  of  the  adrenal  sys- 
tem. The  proportion  of  adrenoxidase  in  the  blood  being  very 
greatly  increased,  as  shown  by  the  tendency  to  hyperthermia 
and  the  ana?niia  (due  to  haemolysis),  there  occur  (1)  hypercon- 
striction  of  all  vessels  owing  to  excessive  metabolism  in  their 
muscular  coats,  and,  as  a  result,  hyperemia  of  all  capillaries 
(which  are  not  provided  with  such  a  coat),  including  those  of 
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the  serous  membranes,  especially  those  of  the  joints,  and  also, 
(2)  as  a  result  of  hyperoxygenation  of  the  pancreas  and  leu- 
cocytogenic  tissues  and  hyperstimulation  of  the  thyroid  ap- 
paratus, an  accumulation  of  autotoxic  bodies  in  the  blood- 
plasma,  and  effusion  into  the  joints,  serous  membranes,  glandu- 
lar elements,  etc.  Hence  the  swelling,  heat,  severe  pain,  accu- 
mulation of  fluid,  and  the  inflammatory  lesions,  including  ero- 
sion in  the  joints;  hence  also  the  marked  predilection  of 
serous  membranes,  the  pericardium  and  endocardium,  the 
myocardium,  the  tonsils,  etc.,  to  inflammation;  hence,  flnally, 
the  fibrous  adhesions  in  the  joints  and  around  the  neighboring 
structures  which  provoke  ankylosis. 

While  the  toxins  of  various  bacteria,  the  staphylococcus 
citreus,  the  micrococcus  lanceolatus,  the  gonococcus,  may  stim- 
ulate the  test-organ  sufficiently — especially  in  individuals  in 
whom  this  organ  is  hypersensitive — to  provoke  acute  rheu- 
matism, it  is  caused  in  most  cases  by  intermediate  toxic  waste- 
products  which  appear  in  the  blood  as  a  result  of  exposure  to 
cold  and  the  resulting  hypocatabolism — the  cellular  trypsin 
failing,  when  the  local  temperature  is  below  normal,  to  break 
down  adequately  wornout  cell  material. 

Chronic  rheumatism  differs  from  the  foregoing,  in  that  the 
cause  of  the  disease  is  inadequate  catabolism  of  tissue  wastes 
and  excitation,  by  the  toxic  products  formed,  of  the  vaso- 
motor center,  while  the  pathogenesis  of  the  joint  lesions  in- 
cludes more  or  less  increase  of  the  vascular  tension,  as  in  the 
acute  fonn. 

Under  these  conditions,  it  is  obvious  that  thyroid  gland, 
by  increasing  the  proteolytic  activity  of  the  blood,  promotes 
destruction  of  the  toxic  wastes  which  underlie  the  disease. 

Analyzing  Levi  and  de  Rothschild's  results  from  this  view- 
point, the  manner  in  which  they  were  produced  by  their 
small  doses  becomes  self-evident.  Thus,  increase  of  appetite 
was  the  first  effect  noted;  this  is  a  normal  result,  since  the 
greater  cellular  activity  and  catabolism  created  a  greater  de- 
mand for  foodstuffs.  Increased  heat  production  soon  replaced 
the  marked  and  constant  chilliness  from  which  the  patient  suf- 
fered— an  effect  due  to  the  marked  increase  of  oxidation  the 
thyroid  extract  engendered  throughout  the  body.     The  dose 
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wait  increased  to  IY2  gniinfl  (0.1  Gm.)  one  day,  then  to  3  grains 
(0.2  Gm.)  the  next,  this  being  continued  ten  days.  After  a 
piTioil  of  rest  of  five  days,  3  grains  (0.2  Gm.)  were  again  given 
daily.  The  pain  became  less — a  fact  due  to  decrease  of  the 
vasi'ular  tension,  owing  to  increased  destruction  of  the  toxic 
wastes  which  excite  the  vasomotor  center,  thus  causing  con- 
striction of  all  arteries.  The  sensory  nerve-terminals  being 
relievt^d  of  the  hy])er8emia  which  caused  the  pain,  the  latter 
became  less  marked  in  proportion.  Closely  connected  with 
this  beneficial  action  was  the  effect  on  the  joints,  viz.:  the 
hydrarthrosis  became  reduced.  Being  also  due  to  excessive  vas- 
cular tension,  it  is  plain  that,  by  causing  vasodilation  in  the 
manner  just  explained,  thyroid  extract  caused  the  excess  of 
fluid  to  leave  the  joints.  The  dose  being  still  further  increased 
until  7VL»  grains  (0.5  Gm.)  were  taken  daily,  emaciation  occurred 
— a  well-known  effect  due  to  excessive  catabolism  provoked  by 
large  doses  of  thyroid  extract 

Eleven  months'  treatment  brought  Leopold-Levi  and 
KothschiUrs  case  back  to  a  condition  of  comfort,  the  joints 
having  resumed  their  shape  and  flexibility — with  the  exception 
of  one  knee,  which  remained  ankylosed — owing  doubtless  to 
fibrosis,  a  condition  beyond  the  reach  of  the  remedy.  This 
does  not  militate  against  its  use,  however;  it  simply  shows 
that  the  treatment  was  resorted  to  too  late  to  avoid  irre- 
mediable organic  lesions.  Rheumatism  with  eczema  and  epi- 
lepsy in  the  child  also  disappeared  under  thyroid  treatment  in 
a  case  of  Leopold-Levi's.*** 

In  a  case  treated  by  Parhon  and  Papinian*^  tliyroid  ex- 
tract produce<l,  though  the  disease  was  of  twenty-four  years' 
standing,  ''a  true  regeneration.^'  When  7V^  grains  (0.5  Gm.) 
in  five  divided  doses  daily  had  been  given  some  time,  palpi- 
tations, tachycardia,  and  arrhythmia  appeared.  On  withdraw- 
ing the  remedy  these  untoward  effects  ceased,  but  recurred  as 
soon  as  its  use  was  resumed.  This  affords  additional  evidence 
in  support  of  a  fact  I  have  often  urged,  viz.:  that  the  best 
effects  of  thyroid  extract  are  obtained  with  small  doses. 

These   results   have   been   confirmed    by   other   observers. 


**»  L«opold-L«Tl:     Soc.   de  M6d.   Parts.   Oct.  28.   1911. 
«*PArhon  and  Paplnlan:    Presae  m6d.,  No.  1»  p.  3,  1905. 
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notably  by  Combe,  F.  Claisse/'  Souqucs,*^  Menard,*®  Glaisse  and 
Vincent,*®  and  more  recently  by  Steele- Perkins*®*  and  Wilson.*®** 
Though  thyroid  products  act  very  gradually,  and  require  patience 
and  careful  watching,  the  method  is  a  very  promising  one. 

Enuresis. — In  many  instances  this  condition  is  due  to 
general  asthenia,  and  the  muscular  debility  which  attends  this 
state  carries  along  with  it  inability  of  the  sphincters  to  perform 
their  functions  at  all  times,  especially  when,  during  sleep,  general 
relaxation  prevails.  The  influence  of  thyroid  on  general  metab- 
olism and  nutrition  and  the  resulting  increase  of  functional 
power  in  all  organs  affect  equally  both  the  cystic  and  urethral 
sphincters  and  thus  overcome  the  trouble. 

According  to  Hertoghe,"®  nocturnal  incontinence  of  urine  in 
young  children  and  adolescents  is  due  to  thyroid  insufficiency. 
He  observed  a  number  of  cases  in  which  the  use  of  thyroid  ex- 
tract was  followed  by  improvement  or  cure.  Children  who 
suffer  from  incontinence  are  often  undersized,  and  they  present 
the  infantile  habitus  in  varying  degrees — improperly  placed 
teeth,  nasopharyngeal  adenoids,  flat  chests,  and  emaciated  and 
slender  extremities.  Such  patients — those  in  which  thyroid 
gland  will  prove  beneficial — are  often  flat-footed  and  their  feet 
have  an  offensive  odor,  thefr  gait  is  stiff,  they  suffer  from  pains 
in  the  thighs  and  from  sciatica  produced  by  the  cold  and  moist 
surroundings  in  which  they  lie  at  night.  The  systematic  ex- 
amination of  the  urine  in  these  cases  shows  an  abundant  deposi- 
tion of  the  cells  covering  the  free  surface  of  the  cystic  mucosa. 
In  children  beyond  2  years  of  age  Hertoghe  gives  2  grains  (0.13 
Gm.)  daily  with  3  to  5  grains  (0.2  to  0.33  Gm.)  of  potassium 
iodide  and  the  bromides  on  retiring. 

Additional  £igns  are  subnormal  temperature,  deficiency  of 
hair  in  the  external  third  of  the  evebrows,  as  observed  bv 
Lfopold-L^vi  and  de  Rothschild;  scaphoid  scapulae,  delayed 
epiphysial  development,  as  determined  by  the  X-rays,  and  ade- 
noid vegetations.  In  such  oases  removal  of  the  latter  fails  to 
benefit  the  patient.    Thus,  Leonard  Williams'*  reported  a  case 

^  CUlne:    Kllnltch-therapeatltche  Woch.,  8.  979.  1899. 

«T8oiiques:    Ibid.,  p.  1003.  1908. 

^Mfoard:    Tribune  mMlcmIe,  No.  9.  1908;  Rev.  Intern,  med.,  p.  328,  1908. 

*C1alne  and  Vincent:    Mflnch.  med.  Woch.,  8.  16<r7.  1908. 

'*■  Steele-Perkins:    London  Lancet,  March  5,  1910. 

«^  Wilson:    British  Medical  Journal,  Dec.  10.  1910. 

"*  Hertoghe:    BuU.  de  I'Acad.  Roy.  de  MM.  de  Belgiqne,  toI.  xzl,  No.  4,  1907. 

■^Williams:    London  Lancet.  Majr  1,  1909. 
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of  enun'^is  in  a  9-year-old  boy  in  which  he  tried  remoYal  of  the 
adenoids.  The  operation  made  the  boy  much  worse,  however, 
and,  believing  that  the  remoTal  of  the  adenoids  deprived  the  boy 
of  a  necessar}'  internal  secretion,  he  then  gave  him  thyroid  ex- 
tract, VL>  grain  (0.033  Gm.)  twice  daily.  The  result  was  instan- 
taneous and  complete,  the  boy  no  further  wetting  the  bed. 
Twenty-four  other  cases  were  thus  treated.  Only  one  of  these 
proved  rebellious  to  the  treatment.  The  essential  point  to 
remember  is  that  thyroid  gland  is  useful  mainly  in  cases  in 
which  there  exists  hypothyroidia,  some  sign  of  which  can  always 
be  discenied  if  it  is  at  all  present  Firth  obtained  marked 
improvement  in  16  out  of  28  cases  with  small  doeeSy  especially 
when  the  enuresis  had  persisted  since  birth. 

Skin  Diseases. — A  prolonged  trial  of  thyroid  preparation 
in  many  diseases  of  the  skin  has  led  dermatologists  to  the  con- 
clusion that  thev  were  indicated  in  disorders  due  to  deficient 
metabolism.  As  stated  by  Winfield,  these  include  the  erythem- 
atobulbous  type,  which  includes  dermatitis  herpetiformis,  and 
the  j)soro-eczematou8  type,  to  which  belong  prurigo,  psoriasis, 
and  chronic  eczema. 

This  is  explained  by  the  action  of  thyroid  products  on 
oxidation  and  metabolism,  as  is  well  shown  in  the  effects  noted 
by  Don :  1.  Increased  nutrition  of  the  skin;  hence  its  probable 
remedial  action  in  ichthyotic  conditions:  an  effect  produced 
without  any  necessary  abnormal  perspiration.  2.  Increased 
action  of  the  cutaneous  glands,  accelerating  excretion  of  waste- 
productsi,  thus  keeping  the  surface  in  a  supple  condition.  3. 
Kegrowth  of  liair,  as  shown  in  myxcedema  and  some  cases  of 
general  alopecia.  4.  Increased  activity  of  the  epidermal  layers, 
causing  desquamation  of  unhealthy  epidermis  and  reproduction 
of  a  new  covering,  as  observed  in  ichthyosis,  psoriasis,  dry 
chronic  eczema,  and  at  times  in  mvxoedema  and  cretinism. 

« 

Eason*^^   reported   several   consecutive  cases   of   eczem^a  in 
young  children  successfully  treated  by  thyroid.    In  the  first  case, . 
14   months   old,   the   babv   had   suffered    from   eczema   of   the 
face  for  nearly  a  year.    This  had  been  entirely  resistant  to  the 
usual   applications   and   internal   treatment;  nor  was  hospital 

"■Eason:    Scottish  Med.  and  Surg.  Jour..  May,  1908. 
»•  Firth:    London  Lancet,  Dec.  2,  1911. 
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treatment  more  eflScadous.  Two  and  a  half  grains  (0.165  Gm.) 
of  a  thyroid  tablet  was  given  daily.  In  a  little  more  than  one 
month  the  child  was  entirely  well.  Hia  cure  persisted  for 
nearly  a  month,  when  the  disease  showed  a  tendency  to  recur. 
The  second  course  of  thyroid  was  followed  by  a  permanent  cure. 
The  4  other  cases  gave  similar  results.  Moussous*'  observed  2 
cases  of  eczematous  seborrhcea  successfully  treated  with  thyroid. 
In  the  first  case  the  scalp  was  normal  at  the  end  of  two  weeks ; 
in  the  second  in  one  month.  Complete  cure  occurred  in  both 
cases,  and  has  persisted. 

In  psoriasis  thyroid  is  harmful  when  the  eruption  is  de- 
veloping, but  it  sometimes  acts  with  surprising  efficacy  in  fully 
developed  cases.  The  untoward  effects  observed  by  dermatolo- 
gists, however,  are  in  great  part  due  to  the  fact  that  they  use 
too  large  doses.  Edelman"**  reconmiends  fairly  large  doses  at 
first  to  supply  the  deficiency,  then  smaller  doses  to  sustain  the 
effect 

Pedrazzini*^*  observed  5  cases  of  scleroderma,  in  4  of  whicli 
the  thyroid  was  small  and  atrophied,  while  in  the  other  tlie 
thyroid  was  large  and  hard.  Thyroid  treatment  gave  good 
results  in  the  two  in  which  it  was  applied,  commencing  with 
small  and  progressive  doses.  None  of  the  patients  presented 
signs  of  nervous  changes  suggesting  atrophic  origin,  but  every- 
thing confirmed  the  assumption  of  some  connection  between  the 
cutaneous  affection  and  the  thyroid  gland. 

Thyroid  has  been  tried  in  luims  by  a  number  of  observers. 
Though  the  results  were  contradictory,  the  bulk  of  the  evidence 
indicates  tliat  it  is  worthy  of  more  extensive  trial.  Owing  to  its 
influence  on  oxidation  it  enhances  tlic  nutrition  of  the  skin  and 
thus  antagonizes  the  destructive  process  while  promoting  that  of 
repair.  As  full  doses  have  to  be  used  during  a  j)rolonged  period, 
the  patient  should  be  carefully  watched.  Thyroid  has  been  tried 
in  leprosy,  but  the  results  were  not  encouraging,  though  the 
remedy  was  pushed  as  far  as  safety  would  allow. 

In  a  case  of  hypertrophic  rosacea  which  has  resisted  all 
forms  of  treatment,  Isadore  Dyer,  of  New  Orleans,  used  thyroid 
with,  for  local  use,  a  salve  containing  rcsorein   ^)j;  rose  water 

■*Mous80U8:     Archives  de  m^d.  des  enfants.   Mar..  1906. 
■^Edelman:     N.  Y.   Med.  Jour.  Mar.  9.  1918. 
■^Pedrazzinl:    Oaz.  degll  Ospedali,  Aug.  1,  1909. 
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5iv;  lanolin  ad  J^j.  After  two  months  there  was  decided 
improvement,  the  skin  being  soft  and  normal  to  the  touch  and 
the  color  greatly  improved.  The  patient  was  discharged  cured 
after  three  months  of  thyroid  medication. 

HEMOPHILIA. — ^The  various  preparations  of  thyroid  gland 
are  extremely  valuable  in  this  dyscrasia,  due  to  a  deficiency  of 
fibrin  ferment  in  the  blood.  As  this  body,,  according  to  my  re- 
searches, is  mainly  composed  of  the  adrenal  product,  the  in- 
creased functional  activity  of  the  adrenals,  provoked  by  thyroid 
preparations  administered,  increases  the  blood's  asset.  The 
coagulation  time  in  haemophilia  may  be  brought  down  from  over 
ten  minutes  to  three  or  four  minutes  in  adults  by  2-grain  doses 
of  the  desiccated  thyroid  three  times  daily  after  meals.  This  is 
equally  effective  when  operations  become  necessary. 

Examples  of  the  value  of  thyroid  gland  in  a  large  propor- 
tion of  cases  of  hsemophilia  (we  might  say  a.l,  for  the  cases 
of  recurrent  haemorrhage  in  which  it  fails  are  doubtless  due  to 
other  causes)  are  now  numerous  in  literature.  Combemale,*** 
for  instance,  cites  the  case  of  a  woman  who,  for  the  preceding 
two  years,  had  been  suffering  from  haemorrhages  from  the  larynx. 
She  was  covered  with  purpuric  spots,  her  gums  bleeding.  She 
was  extremely  weak  and  exhausted.  Treatment  with  thyroid 
tablets  was  commenced;  in  ten  days  very  marked  and  evident 
improvement;  there  was  no  purpura,  no  bleeding  from  the  gums. 
In  ten  more  days  she  had  perfectly  normal  menses;  all  other 
haemorrhages  stopped.  Scheffler*^"  reported  a  case  in  which 
haemophilic  epistaxis  was  absolutely  unaffected  by  ordinary 
therapeutic  agents,  and  the  epistaxis  became  so  persistent  and 
exhausting  that  permanent  blocking  of  the  nasal  fossa  was  neces- 
sary. Treatment  by  thyroid  extract  exerted  an  immediate  and 
beneficial  effect,  and  was  followed  by  cure.  In  three  days  the 
violent  and  persistent  epistaxis  had  practically  stopped.  In  six 
days,  about  8  grains  (0.53  Gm.)  of  thyroid  gland  having  been 
given  daily,  the  purpuric  eruption  ceased.  A  marked  case  in 
which  the  patient  had  become  extremely  anaemic  was  also  re- 
ported as  recovered  by  Rugh,*^  under  the  use  of  5-grain  (0.33 
Gm.)  doses  three  times  daily. 


"Combemale:     La   mfideclne  raoderne.    April   30,   1898. 

^  Scheffler:     Archives  de  mM.   et  de  pharm,   militaire,   March,   1901. 

'^Rugb:     Annals  of  Surgery,  May,  1907. 
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The  value  of  thyroid  in  the  preparation  of  hapmophilic 
cases  for  serious  operations  is  well  illustrated  by  W.  J.  Taylor** 
in  3  eases.  The  coagulation  time  was  reduced  with  3-grain 
(0.2  Gm.)  doses  three  times  daily  from  twelve  minutes  to  three 
minutes,  and  the  operations^  including  a  nephrectomy,  proved 
drier  if  an}'thing  than  if  they  had  been  performed  in  a  non- 
haemophilic  subject.  The  desiccated  thyroid  on  the  market, 
especially  the  standardized  product,  being  stronger  than  that 
available  in  former  years,  2  grains  (0.12  Gm.)  thrcse  times  daily 
need  not  be  exceeded  even  in  these  cases. 

Surgical  Disorders. — We  have  seen  that  in  1907  I  point«^ 
out  that  the  thyroparathyroid  secretion  corresponded  with  what 
Sir  A.  E.  Wright  has  termed  opsonin.  During  the  same  year 
I  urged  that  thyroid  preparations,  owing  to  their  influeDC<Er  on 
oxidation  and  their  power  to  increase  both  the  opsonins  and  t^je 
germicidal  activity  of  the  blood,  were  indicated  in  the  eor/y  stage 
of.  tuberculosis — ^mainlv  on  account  of  the  content  of  the  tubercle 
bacillus  in  phosphorus,  viz. :  55.23  per  cent,  of  its  ashes — a  fact 
sustained  clinically.  Recently,  Frugoni  found  not  only  that 
thyroid  gland  markedly  raised  the  opsonic  index  of  tuberculous 
animals,  but  also  the  active  germicidal  power  of  their  blood. 
That  this  should  entail  in  the  surgical  field  marked  progress  in 
the  treatment  of  all  conditions  due  to  tuberculosis  is  self-evident. 
In  hip- joint  disease  and  other  tubercular  bone  processes,  for 
example,  thyroid  is  clearly  indicated. 

Besides  its  powerful  stimulating  action  on  the  defensive 
functions,  th\Toid  gland,  as  shown  by  Parhon,  Macallum,  and 
others,  hastens  calcium  metabolism.  This  accounts  for  its  value 
in  osteomyelitis  and  rhachitis.  We  have  striking  evidence  of  its 
efficiency  in  the  treatment  of  deficient  metabolic  activity  in 
osseous  tissue  in  the  rapid  growth  of  the  skeleton  in  cretinism 
brought  about  with  its  aid.  This  has  suggested  its  use  in  delayed 
union  in  fractures — ^where  it  is  valuable  only  when  more  or  less 
hypothyroidia  exists — and  accounts  for  its  greater  value  for  this 
purpose  in  the  young  than  in  the  adult,  its  therapeutic  action  in 
this  class  of  cases  growing  less  as  age  advances. 

Another  indication  for  thyroid  preparations,  owin<r,  how- 
ever, mainly  to  their  influence  on  general  oxidation  and  metabo- 


>•  Taylor:    Monthlr  Cyclopedia,  Jaly,  1906. 
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lism,  is  in  hypothyroidia  in  operated  subjects.  The  presence 
of  this  condition,  a  larval  and  covert  fonn  of  mvxflpdema  in- 
dicated  mainly  by  a  tendency  to  obesity,  cold  hands  and  feet, 
dry  skin,  brittle  hair  perhaps,  mental  and  physical  torpor, 
rheumatic  pains  in  the  occiput  and  back  usually  treated  un- 
availingly  for  rheumatism.  Here  deficient  oxidation  and 
metabolism  entail  a  correspondingly  deficient  production  of 
opsonin  and  other  protective  bodies.  Such  cases  are  readily 
infected,  and  their  recovery  after  any  operation,  even  sometimes 
after  a  trivial  one,  is  unusually  slow.  A  preparatory  course  of 
thyroid  gland  transforms  completely  such  a  case  into  one  in 
which  the  chances  of  a  successful  result  are  as  good  as  in  a 
normal  individual. 

In  febrile  infections  the  th\Toid  gland  is  sometimes  ibo 
active  that  it  becomes  enlarged  and  even  quite  painful.  This  is 
now  recognized  as  a  distinct  effort  to  raise  the  protective  process 
to  adequate  efficiency.  In  surgical  diseases  such  as  septiccemia 
and  erysipelas,  aid  afforded  to  the  gland  by  administering  thyroid 
preparations  has  been  found  to  curtail  these  diseases.  It  fulfills 
in  a  measure  the  role  of  antistreptococcic  serum.  This  applies 
also  to  suppurative  processes  of  all  sorts  due  to  general  adynamia ; 
the  rapidity  with  which  it  produces  beneficial  effects  in  this 
class  of  disorders  is  sometimes  striking.  This  applies  also  to 
Fuppurativo  processes  situated  in  special  organs,  such-as  eye,  ear, 
no?e  and  tliroat,  and  the  sinuses. 

When  the  purpose  is  to  increase  the  germicidal  and  anti- 
toxic power  of  the  blood,  and  also  phagoc}'tic  activity,  in  any 
of  the  foregoing  disorders,  excepting  pulmonary  tuberculosis, 
the  dose  required  must  be  somewhat  larger,  but  not  excessive. 
A  condition  similar  to  Wright's  negative  phase  in  vaccine  therapy 
is  readily  brought  about  by  excessive  doses.  In  the  laboratory 
such  doses  decrease  instead  of  increasing  the  resistance  of 
animals  to  infection.  Again,  as  personal  investigations  have 
suggested,  there  is  good  ground  for  the  belief  that  the  so-called 
untoward  effects  observed  under  thvroid  medication  are  closelv 
allied  to  anaphylaxis.  Two  grains  of  the  desiccated  gland  in 
tablet  form  slowly  increased  to  3  grains,  three  times  a  day,  is 
the  maximum  that  should  be  administered  in  the  adult,  and 
the  patient  should  be  carefully  watched  to  forestall  any  undue 
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action  of  the  remedy.  The  best  indication  of  any  untoward 
effect,  we  have  seen,  is  the  pulse.  Any  considerable  quickening 
or  palpitation  indicates  that  the  remedy  should  be  discontinued 
a  few  days,  then  resumed  in  smaller  doses.  Again,  the  prepara- 
tions on  the  market  vary  in  strength.  The  above  dose  refers  to 
Armour's  or  Burroughs,  Wellcome  &  Co.'s  desiccated  gland, 
which  is  standardized  two-tenths  of  1  per  cent,  of  organic  iodine. 
In  cancer,  as  will  be  shown  in  the  second  volume  (see  page 
1389),  thyroid  gland  is  valuable  in  inoperable  cases  and  after 
extirpation  to  prevent  recurrence.  As  I  emphasized  in  1907, 
however,  its  best  effects  in  the  treatment  of  the  disease  are 
obtained  when  X-rays  or  radium  and  saline  solution  are  employed 
concomitantly. 

PARATHYROID  ORGANOTHERAPY. 

The  physiology  of  the  parathjrroids  was  reviewed  in  the 
third  chapter.  We  saw  therein  that  the  prevailing  view  was, 
that  their  secretion  served  to  neutralize  the  toxic  wastes  which 
give  rise  to  tetany,  and  that  it  influenced  calcium  metabolism. 
I  defended  therein  Gley^s  opinion,  that  it  supplemented  the 
function  of  the  thyroid  gland,  and,  moreover,  my  own  pre- 
viously advanced  conclusion,  that  thus  combined  the  thyro- 
parath}Toid  secretion  increased  the  germicidal  and  antitoxic 
power  of  the  blood  by  endowing  the  albuminous  portion  of  tlie 
haemoglobin  with  sensitizing  properties^  and  that,  as  such,  it 
was  the  blood  constituent  Sir  A.  E.  Wright  had  termed 
"opsonin.'*  Just  what  role  the  parathyroids  fill  in  the  dual 
process  cannot  at  present  be  determined,  but  the  fact  that, 
as  shown  by  Gley,  the  proportion  of  iodine  in  them  is  much 
greater  than  in  the  thyroid  proper  suggests  that  it  supplies 
the  most  active  component  of  the  compoimd  secretion,  that 
part  of  it  which  has  to  do  with  the  sensitizing  or  opsonic  action. 
This  is  due,  we  have  seen,  to  the  iodine  itself,  owing  to  the 
peculiar  property  it  possesses  of  increasing  the  inflammability 
of  phosphorus. 

From  the  standpoint  of  organotherapy,  it  is  this  property 
that  we  must  bear  in  mind.  We  must  look  upon  paratliyroid 
glandules  or  adequate  preparations  of  these  organs  as  tlie 
essence,  so  to  say,  of  the  whole  thyroid  apparatus,  in  so  far 
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as  its  antitoxic  properties  and  its  rdle  in  calcium  metabolism 
are  concerned.  This  agrees  with  the  teachings  of  experimental 
evidence^  particularly  that  afforded  by  Jeandelize,**  which  hmye 
shown  that  the  secretory  product  of  the  thyroid  gUmd  proper 
is  more  concerned  with  the  processes  of  general  nutrition  and 
development  than  with  the  auto-protective  function. 

The  manner  in  which  the  parathyroids  affect  the  organism 
and  the  influence  of  parathyroid  gland  as  a  remedy  seem  to 
me  best  illustrated  in  the  symptomatology  and  treatment  of 
the  first  condition  analyzed  on  the  opposite  page  (741)  under 
the  title  of  ^Tiypoparathyroid  tetany." 

As  to  the  preparations  available,  Berkeley**  claims  that 
the  only  available  glands  are  those  from  the  bullock,  and  these 
are  hard  to  find  anatomically — as  I  know  from  experience — 
and  expensive.  He  no  longer  uses  the  preparations  obtainable 
on  the  market,  and  employs  only  glands  obtained  fresh  at  the 
abattoirs  under  his  own  supervision.  He  found  that  the  gland 
could  be  administered  either  as  fresh  gland,  preserved  gland 
or  nucleoproteid  solution.    In  the  author's  words: — 

^^The  fresh  gland  is  given  in  the  simplest  manner  possible, 
minced  and  eaten  in  a  bread-and-butter  sandwich.  The  dose 
is  from  5  to  8  glands  per  day.  This  method  is,  of  course,  avail- 
able only  for  patients  living  near  a  large  abattoir  where  some- 
one lias  been  taught  how  to  find  the  material. 

"In  tlie  matter  of  preserving  the  gland,  the  essential  thing 
is  to  get  the  tissue  finely  divided  and  in  intimate  contact  with 
the  preservative.  The  glands  are  trimmed  with  sterile  instru- 
ments, dried  between  folds  of  sterile  gauze,  and  rubbed  up 
patiently  in  a  mortar  with  an  excess  of  milk-sugar  and  a  small 
percentage  of  boric  acid  to  a  fine,  dry  powder.  A  trace  of  oil 
of  peppermint  is  usually  added.  Prepared  in  this  way,  dis- 
pensed in  capsules,  and  kept  on  ice,  they  keep  from  four  to 
six  weeks.  The  dose  is  5  to  8  per  day,  each  capsule  corre- 
sponding to  1/2  a  grain  [O.OSS  Gm.]  of  fresh  gland.  They  are 
now  for  sale  in  several  New  York  pharmacies. 

"The  nucleoproteid  (S.  B.  Beebe's  method)  is  extracted 
9s  follows:    The  glands  are  thoroughly  triturated — a  few  at  a 

*  Jeandelize:    "Insufflsance  Thyroldienno  et  Parathyroldlenne/'  Nancy,  1908. 
^Berkeley:    Old  Dominion  Journal.  April,  1909. 
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time — ^in  a  mortar  with  laboratory  sand.  The  triturate  is  made 
distinctly  alkaline  with  lithium  carbonate  solution  and  ex- 
tracted with  normal  salt  solution  in  excess.  The  process  of 
extraction  takes  twenty-four  hours.  The  container  is  fre- 
quently shaken,  and  between  whiles  placed  on  ice.  The  solu- 
tion is  now  filtered,  and  finally  acidulated  with  a  few  drops  of 
10  per  cent,  acetic  acid.  The  nucleoproteid  settles  to  the  bot- 
tom as  a  voluminous,  flocculent,  white  precipitate.  In  two 
hours  the  overlying  fluid,  which  is  now  clear,  and  contains  no 
albumin  at  all,  and  only  a  little  globulin,  is  decanted,  and  the 
precipitate  is  redissolved  by  adding  a  little  more  lithium  car- 
bonate, till  a  slight  alkaline  reaction  is  again  obtained.  This 
concentrated  solution  may  be  diluted  to  any  desired  strength. 
I  usually  dilute  till  the  number  of  c.c.  is  equal  to  the  original 
number  of  fresh  glands  used.  The  dose  of  the  preparation 
is  about  20  drops  [1.23  c.c]  per  day.  It  is  readily  preserved 
with  a  little  chloroform  or  thyroid,  and  if  kept  on  ice  stays 
effective  about  half  as  long  as  glycerinated  vaccine  virus,  or 
diphtheria  antitoxin.  To  make  it  suitable  for  hypodermic  use^ 
it  should  be  more  concentrated  than  as  described  above,  care- 
fully standardized,  run  through  a  Chamberland  filter,  and  put 
up  in  sealed  tubes." 

Proceeding  with  the  consideration  of  the  few  disorders 
in  which  parathyroid  has  been  used,  it  was  deemed  best  to 
treat  the  first  of  these,  hypoparathyroid  tetany,  in  the  same 
manner  as  other  diseases  of  the  ductless  glands  reviewed  in 
the  earlier  chapters  of  this  volume,  owing  to  the  important 
position  this  disorder  now  occupies  in  the  clinical,  and  to  the 
fact  that  it  is  scantily,  if  at  all,  treated  in  works  on  surgery. 

Hypoparathyroid  Tetany.  (Tetania  parathyreopriva ; 
Parathyroid  Tetany;  Hypoparathyrosis ;  Cachexia  Parathyreo- 
priva; Status  Parathyreoprivus  or  Hypoparathyreoprivus.) 

Tetany  due  to  hypoparathyroid ia  occurs  as  a  result  of  any 
condition  which  temporarily  or  permanently  arrests  the  func- 
tions of  the  parathyroid  glandules.  The  form  most  generally 
recognized  at  the  present  time  is  that  variously  known  as  tetania 
parathyreopriva,  cachexia  parathyreopriva,  status  parathyreo- 
privus, which  follows  removal  of  the  parathyroids  along  with 
the  thyroid  in  goiter  and  other  growths  of  this  gland — ^a  subject 
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already  treated  on  page  174.  The  second  form  is  due  to  organic 
lesions,  such  as  tuberculosis^  interstitial  haemorrhages^  inflam- 
matory lesions  during  infections,  etc.,  of  the  parathyroids  suffi- 
cient to  greatly  impair  their  secretory  activity.  These  organs 
being  the  source,  with  the  thyroid,  of  one  of  the  auto-defensive 
constituents  of  the  blood,  as  previously  shown,  their  functional 
arrest  allows  those  poisons — toxic  waste-products  in  the  present 
connection — to  accumulate  in  the  blood  and  to  provoke  tetany 
and  even,  in  very  severe  cases,  the  clonic  convulsions  of 
epilepsy.**  In  its  general  terms,  therefore,  hypoparathyroid 
tetany  may  be  defined  as  follows: — 

Hypoparathyroid  tetany  is  a  disorder  due  to  impairment  or 
arrest  of  the  secretory  activity  of  the  parathyroids,  characterized 
by  more  or  less  severe  spasms  or  convulsions,  the  result  in  turr^ 
of  accumulation  in  the  blood  of  toxic  waste-products,  which  it 
is  one  of  the  functions  of  the  parathyroid  secretion,  as  the  opsonic 
constituent  of  thyroiodase,  and  along  with  other  antitoxic  con- 
stituents of  the  blood,  to  convert  into  benign,  eliminable  end- 
products. 

Symptomatology.  Post-operative  Parathyroid  Tetany, — 
The  symptomatology  of  this  disorder  may  vary  considerably  in 
intensity  and  in  the  time  and  manner  in  which  it  appears.  In 
most  cases,  however,  the  tetany  begins  by  a  sensation  of  stiffness 
around  the  mouth  with  twitching  of  the  facial  muscles  and 
tingling  or  formication.  This  is  Foon  followed  by  stiffening  of 
r.io  mas8cter  muscles  and  fibrillary  contractions  or  rigidity  of 
tlio  tongue — which  causes  diificulty  of  speech  and  deglutition — 
and  finally  locking  of  the  jaws,  as  in  true  tetanus.  This  is 
often  accompanied  by  treml)ling  of  the  eyelids.  The  thumbs 
and  tlien  tlie  hands  are  thrown  backward,  i.e.,  in  marked 
extension,  the  fingers  assuming  either  the  claw-like  or  **main  en 
griff e"  shape,  or,  with  two  fingers,  the  index  and  medius,  ex- 
tended, the  "o])stetric  position.''  There  is  at  the  pame  time 
flexure  of  the  forearms,  often  complicated  with  more  or  less 
severe  pains  in  tlie  flexed  muscles.  The  feet  are  also  cramped, 
often  in  tlie  equinovanis  position,  the  pain  being  then  located 
in  the  calves.  In  severe  cases  opisthotonos  may  occur,  the  body 
being   supported    only   on    tlie   head,   shoulders,   buttocks,   and 

*^  Sue  pp.  1429  and  1437,  vol.  ii,  for  the  pathogenesis  of  tetanx  and  teUnu. 
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heels.  There  is  a  feeling  of  intense  tightness  around  the  heart. 
The  respiratory  muscles,  thoracic  and  pulmonary,  being  likewise 
contracted  spasmodically,  respiration  becomes  difl&cult,  suflS- 
ciently  so  at  times  to  provoke  intense  dyspnoea  and  cyanosis. 
There  may  also  be  marked  strabismus,  dilatation  of  the  pupils, 
frothing  at*  the  mouth,  and  clonic  movements  similar  to  those 
observed  in  true  epilepsy. 

The  pulse  becomes  rapid  and  weak  and  sometimes  irregular 
during  the  attacks,  and  the  temperature  is  raised.  As  explained 
in  the  article  on  tetany  in  the  second  volume,  the  latter  symptom 
is  partly  due  to  the  presence  of  an  excess  of  adrenoxidase  in  the  . 
blood  and  the  increased  oxidation  this  entails — ^the  adrenal 
center  being  stimulated  by  the  toxic  wastes  accumulated  in  the 
blood — and  partly  to  the  rise  of  blood-pressure,  which  causes 
blood  to  be  driven  from  the  deeper  vessels  to  the  periphery,  and 
then  to  congest  the  cutaneous  capillaries.  When  marked  this 
phenomenon  also  causes  burning  sensation  over  the  entire  body. 

Tetany  may  occur  almost  any  time  after  the  operation,  the 
period  of  onset  varying  grcally.  As  a  rule,  however,  the  first 
signs  occur  the  third  or  fourth  day  after  the  operation,  the 
intervening  period  representing  doubtless  that  during  which  the 
supply  of  thyroiodase  is  being  exhausted.  The  frequency  of  the 
paroxysms  also  varies  in  different  cases,  from  one  to  many  a 
day,  according  in  a  measure  to  the  diet  and  amount  of  exercise 
to  which  the  patient  is  subjected.  In  some  cases  the  para- 
thyroids are  only  injured  during  the  operation,  and  their 
recovery  ends  the  tetany. 

Non-operative  Ilypoparathyroid  Tetany, — The  symptoms  of 
this  condition  do  not  vary  from  those  just  described,  though 
they  are  less  marked.  In  some  cases,  in  fact,  they  hardly 
exceed  in  intens^ity  those  produced  by  str}Thnine  in  full  thera- 
peutic doses,  when  the  physiological  limit  of  the  drug  has  been 
reached.  Here  the  parathyroids  are  able  to  carry  on  their 
functions  only  in  part,  the  lesions  produced  in  them  by  local 
disease,  tuberculosis,  interstitial  ha?morrhage,  etc.,  having  left 
perhaps  one  or  more  of  the  organs  or  a  part  of  their  parench}'ma 
intact.  The  thvroiodase  formed  under  these  circumstances 
being  deficient  in  the  constituent  which  endows  it  with  its  anti- 
toxic properties,  it  allows  the  ppasmogenic  poisons  to  accumulate 
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in  the  blood  very  gradually,  and  in  relatively  small  quantity  as 
coin])arefl  to  that  which  invades  the  blood  when  all  the  para- 
thyroids  are  destroyed  by  operation  or  disease. 

In  these  mild  cases^  the  identity  of  the  disorder  present 
may  be  determined  by  various  signs:  Trousseau's,  tapping  or 
pressure  upon  large  nerve-trunks  to  elicit  muscular  contractions; 
C'hvostek's,  the  production  of  spasm  of  the  facial  muscles  by 
tapping  over  the  facial  nerve  close  to  the  parotid  or  over  the 
muscle  itself;  Hoffmann's,  the  percussion  of  sensory  nerves  to 
demonstrate  hypera^sthesia ;  Erb's,  hypenesthesia  of  the  nerves 
under  electric  stimulation.  All  these  phenomena  are  explained 
by  tlie  fact  tliat,  as  previously  urged  (see  also  the  articles  on 
Tetany,  page  1A2\),  and  Tetanus,  page  1437,  in  the  second 
volume),  tlie  spasmogenic  toxic  excites  the  vaso-motor  center, 
producing  thereby  contraction  of  all  vessels  and  driving  the 
blood  from  the  great  deeper  channels  to  the  periphery.  All 
peripheral  muscles  and  nerves  being  rendered  hyperaemic,  they 
become  correspondingly  sensitive  to  irritation  and  stimulation. 

Careful  differential  diagnosis  is  necessary  in  these  cases, 
since  tetany  is  also  produced,  irrespective  of  any  parathyroid 
disorder  (tliough  the  parathyroids  may  show  active  hyperplasia, 
as  observed  by  MacCallum,  in  a  fatal  case  of  gastric  dilatation), 
by  many  other  disorders:  gastric  and  intestinal,  pregnancy  and 
lactation,  urjcmia,  violent  excitement  and  exertion,  etc. — all 
conditions  in  which  the  blood  becomes  laden  with  toxic  sub- 
stances. Infectious  diseases  are  also  prominent  causes  of  tetany, 
but  probably  in  part  through  the  lesions  of  the  parathyroids 
they  sometimes  produce. 

Tkkatmknt. — Tetany  should  always  be  borne  in  mind  when 
any  operative  measure  involving  the  thyroid  is  to  be  resorted  to, 
since  post-o])erative  tetany  would  never  occur  if  the  parathy- 
roids were  always  spared,  deferring  the  reader  to  works  on 
surgery  for  details,  it  may  be  mentioned  here  that  every  effort 
should  be  made  to  protect  not  only  the  parathyroids  themselves 
by  preserving  the  posterior  caj)sule  of  the  thyroid,  upon  which 
they  lie,  but  also  to  so  ligate  the  thyroid  vessels  with  which  they 
are  connected  as  to  provide  for  uninterrupted  circulation  through 
tlicm.  I  would  suggest  also  that  their  lymphatic  connections 
be  as  much   as   possible  spared,  since,  as  we  have  seen,  the 
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parathyroid  product  reaches  the  venous  circulation  through 
their  intermediary. 

Important  in  this  connection  also  is  the  selection  of  the 
portion  of  the  thyroid  that  is  to  be  removed.  Kocher,  according 
to  Erdheim/^  who  generally  removes  the  central  part  of  the 
gland,  has  "hardly  ever  had  a  loss  from  cachexia  strumipriva  or 
tetany."  Again,  complete  removal  of  the  thyroid  itself  is  never 
justified,  and  as  large  a  portion  of  the  organ  as  possible  should 
be  left  to  insure  the  continuation  of  the  function  it  fulfills  in 
conjunction  with  the  parathyroids.  If  the  parathyroids  are 
accidentally  removed  with  the  thyroid,  which  a  careful  examina- 
tion of  the  extirpated  organ  should  enable  the  surgeon  to  deter- 
mine, they  should  at  once  be  dissected  out  and  implanted  into 
the  cervical  tissues,  selecting  as  much  as  possible  a  region  rich 
in  blood-vessels. 

In  some  cases,  operated  with  due  care,  the  parathyroids 
left  in  situ  may  be  injured,  or  suffer,  perhaps,  from  shock. 
Under  these  conditions,  mild  tetanic  symptoms  may  occur 
temi)orarily.  In  500  thyroidectomies  performed  by  von  Eisels- 
berg®'  in  about  seven  years,  15  showed  Chvostek's  sign,  but  it 
disappeared  without  treatment  in  a  few  days.  In  10  cases 
there  was  well-developed  tetany,  with  one  death,  total  removal 
of  the  parathyroids  in  the  latter  being  probable. 

W.  H.  Brown"*  rightly  criticises  the  indifferent  attitude  of 
some  surgeons  concerning  the  importance  of  the  parathyroids 
to  the  organism,  and  sustains  his  position  by  an  extremely 
severe  case  of  tetany,  saved  only  by  the  implantation  of  the 
thyroid  with  its  parathyroids  obtained  from  a  small  monkey, 
and,  one  month  later,  of  three  parathyroids  and  a  piece  of 
thvroid  tlie  size  of  a  small  walnut,  obtained  one-half  hour  after 
death  from  the  body  of  a  man  who  had  died  of  Bright's  disease 
and  ura?niia.  These  tissues  placed  at  once  in  normal  saline 
solution  at  32°  F.  (0°  C.)  were  implanted  successfully  within  an 
hour,  the  simian  thyroid  beneath  the  patient's  sterno-mastoid, 
and  the  human  thyroid  and  parathyroid  beneath  her  left  rectus 
abdominis,    under    chloroform    anaesthesia.      Danielsen"    also 


•=Erdhelm:     Brit.  Med.   Jour,  July  21,  p.  167,  1906. 
•"Von   EiselsberK:     Centralbl.   f.   Chlr..    Nu.   21,   1909. 
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transplanted  Imnian  paratliyroids  in  a  critical  case  with  a  suc- 
cessful result,  and  mentions  3  recorded  cases. 

An  essential  feature  of  parathyroid  implantation  is  that 
the  improvement  may  prove  temporary  only,  i.e.,  until,  probably, 
the  secretion  the  organ  happens  to  contain  is  exhausted.  This 
may  last  a  couple  of  weeks  and  the  symptoms  return.  It  is  only 
when  the  implanted  organ  assumes  its  normal  functions  in  situ 
that  cure  occurs  if  the  secretion  produced  is  sufficient.  Halsted's** 
valuable  researches  on  the  subject  should  be  read  by  all  operators 
in  this  class  of  cases. 

That  the  oral  use  of  parathyroid  gland  is  of  value  in  para- 
thyroid tetany  has  been  shown  by  MacCallum,  Vassale,  and 
others,  though  the  first-named  observer  found  that  large  quan- 
tities were  necessary.  Berkeley  refers  to  other  well-known 
observers,  James,  Putnam,  and  Halsted,  as  having  obtained 
favorable  results.  In  2  cases  recently  reported  by  Bircher,*' 
thyroid  gland  had  first  been  tried,  but  without  effect;  para- 
thyroid, however,  causcn]  prompt  recovery. 

An  emulsion  of  fresh  parathyroids  may  be  given  subcu- 
taneously.  Branham'"  reported  a  case  thus  treated  successfully. 
Five  fresh  beef  parathyroids  were  placed  in  a  1 :  1000  solution 
of  bichloride  of  mercury  and  allowed  to  soak  about  ten  minutes. 
The  glands  were  cut,  under  strict  asepsis,  into  5  pieces  under 
physiological  salt  solutioiu  These  pieces  were  placed  in  a 
mortar  and  ground  into  a  homogeneous  mass,  400  c.c.  of  sterile 
salt  solution  being  poured  into  the  mortar.  This  was  then 
filierod  through  a  sterile  gauze  and  given  as  salt  transfusion 
into  the  patient's  breast.  The  oral  use  of  thyroid  and  para- 
thyroid extracts  and  the  feeding  of  raw  parathyroids  had  proved 
entirely  useless.  The  recovery  in  this  case,  however,  seems  to 
me  to  be  due  to  the  fact  that  only  one  parathyroid  was  totally 
removed,  and  the  three  others  only  partly  so,  the  remaining 
segments  having  eventually  resumed  their  secretory  activity. 
The  injected  emulsion  thus  acted  as  a  palliative  pending  the 
functional  recovery  of  wlrnt  had  been  left  of  the  organs.  In 
Brown^s   case   in    which    the  parathyroids   were   removed,    the 

*"  Halsted:     Araer.    Jour.    Med.    Sri.,    vol.    cxxxir,    No.    1,    July.    1907,    and 
Annals  of  Surgery,  vol.   xlvi,  p.  489,  1907. 

•"  nircher:     Modlzlnsche  Klinik.  Oct.  30,  1910. 

"•Branham:    Amer.  Jour.  Med.  Scl.,  vol.  xlvlll,  p.  161,  1908. 
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benefit  obtained  from  the  emulsion  lasted  eleven  days^  and  was 
then  followed  by  violent  tetany.  Bircher's*®  2  cases^  also 
treated  successfully  with  thyroid  tablets,  were  probably  of  the 
same  kind.  Kocher*^**  obtained  recoveries  "by  energetically  push- 
ing the  thyroid  extract  and  iodothyrin  in  large  doses.^'  Biedl**^ 
urges  that  it  should  always  be  tried. 

On  tlie  whole,  what  evidence  there  is  tends  to  show  that 
implantation  of  fresh  glands  should  alone  be  depended  on  for  a 
cure  when  the  parathyroids  have  been  destroyed. 

Calcium  lactate  has  been  found  efficacious  by  MacCallum 
and  Voegtlin^^  and  others.  It  may  be  given  in  10-grain  (0.66 
Gm.)  doses  every  hour  or  two,  or  in  larger  doses  in  saline  solu- 
tion per  rectum,  or  in  eniergency  cases,  intravenously,  4  grammes 
(1  drachm)  being  given  in  100  c.c.  (25  drachms)  of  salt  solution, 
as  recommended  by  Wintemitz,'*  in  a  case  of  non-operative 
tetany.  In  Brown's  case,  however,  calcium  lactate,  given  orally, 
proved  useless,  as  did  all  organic  agents,  including  parathyroids. 
Large  injections  of  normal  saline  solution  are  used  by  Gomez^** 
and  copious  hypodermoclysis  by  Chvostek"*"  with  washing  of 
the  stomach,  stopping  food  for  a  couple  of  days. 

The  diet  should  receive  considerable  attention,  and  all 
substances  rich  in  nucleins,  including  meats,  should  be  strictly 
avoided,  to  reduce  to  a  minimum  the!  formation  of  spasmogenic 
wastes.  A  milk  diet,  farinaceous  foods,  and  the  free  use  of 
water  to  facilitate  the  elimination  of  what  toxic  wastes  arc 
formed  are  most  useful  in  this  connection.  Exercise  of  any 
kind  is  also  harmful,  owing  to  the  formation  of  muscular  wastes 
that  if  entails.  Rest  in  bed,  or  in  an  armchair,  tends  greatly 
to  reduce  the  number  and  severity  of  the  spasms. 

Paralysis  Agitaxs. — ^This  is  a  particularly  interesting 
syndrome  from  tlie  standpoint  of  physiology,  for  it  clearly 
sustains  the  view  that  the  tlivroid  and  parathvroids  are  func- 
tionally  united.  Indeed,  while  Miibius,  in  1883,  found  paral- 
ysis a«ritans  associated  with  exophthalmic  goiter,  Lundborg,  in 
181)1,  met  it  in  connection  with  myxcedema,  the  autopsy  show- 

••Blrchtr:     Medlclnlsche  Klinik.  Oct.  30.  1910. 

•^  Korhor:     Quoted  by  Bledl,  •'Internal  Secretory  Organs,"  p.  50,  1913. 

•••'BU'dl:     IbUI. 

'«  MacCallUQi  and  VoegtUn:    Johns  Hopkins  Hosp.  BuU.,  vol.  xlx,  p.  91,  1908. 

"  WinternlU:     Ibid.,  vol.   xx,  p.   269,   1909. 

"■Gomez:     Riforma  Medlca.  Jan.  2?.,  1900. 

''»» Chvostek:     Deut.  mtd.   Woch.,  May  20,  1909. 
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ing  atrophy  of  the  thyroid.    These  facts  led  both  Mobios  and 
Lundlmrg  to  connect  the  disease  with  the  thyroid  gland. 

Various  other  phenomena^  such  as  chronic  rheumatism^ 
arthritis,  sicleroderma,  a  brawny,  or  yellow-brown,  pigmenta- 
tion, hypothermia,  etc.,  met  with  in  cases  of  hypothyroidia, 
are  altso  ol^*rved  in  paralysis  agitans.  In  a  case  of  mine  the 
ma.<k-like  fai^*  of  the  latter  disease  recalled  clearly  that  of  an 
incipient  mise  of  myxcedema;  Fraenkel  had  already  observed 
mvxuHloniatous  areas.  Parhon  and  Qolstein^'  found  in  the 
thyroid  pn>|H»r  of  a  woman  who  had  died  of  paralysis  agitans 
what  tht»y  term  '^manifest  macroscopical  and  microscopical 
losJions":  Castelvi^'  found  marked  atrophic  lesions  in  the 
thyroid  ^land  in  two  instances,  though  Pasquier  found  none. 

Conversely,  many  cases  of  paralysis  agitans  may  suffer 
from  the  sensations  of  heat  with  cutaneous  rise  of  temperature, 
and  the  abundant  sweating  commonly  observed  in  exophthalmic 
gi^iter.  The  most  suggestive  case  in  this  connection,  however, 
is  one  reported  by  A.  Gordon,^*  in  which  the  characteristic 
attitude  of  paralysis  agitans,  the  stiffness  and  fixation,  the 
mask  face  and  absence  of  expression,  the  propulsive  movement 
and  the  tremor,  coincided  with  goiter,  some  degree  of  exoph- 
thalmus,  tachycardia,  dyspnoea,  and  Graefe's  sign  of  exoph- 
thalmic goiter. 

There  is  ground,  therefore,  for  the  hypothesis  that  the 
giMiesis  of  paralysis  agitans  is  in  some  way  related  to  the  thy- 
roid apparatus.  Yet.  a  suggestive  feature  of  the  problem  is, 
that  thyroid  preparations  are  useless  in  these  cases,  as  many 
olK<ervcrs,  including  myself,  have  ascertained.  Again,  the  fact 
that,  while  the  main  phenomena  of  exophthalmic  goiter  are 
distinguishable  in  certain  cases,  in  others  those  of  myxoedema 
occur,  serves  further  to  obscure  the  problem.  Moreover,  while  R. 
L.  Thompson'*  examined  fruitlessly  the  parathyroid  of  9  cases  in 
which  death  had  been  due  to  paralysis  agitans  for  lesions,  others, 
including  Berkeley^'  and  Allen  J.  Smith,  referred  to  in  paper 
by  CampJ^  found  lesions  in  these  glandules.     Indeed,  Lund- 

"  Parhon  and  Golstein:     "Lea  S^rtUons  Internes,"  p.  218,  1909. 
"Castelvl:     RIvlstA  dc  medlcina  y  cirugia  practlcas.  1904. 
**  Gordon:     Proceedings  of  the  Philadelphia  County  Medical  Society,   Sept. 
14.  1904. 

^Thompson:     Journal  of  Medical  Research,   Dec,  1906. 
*•  Berkeley:     Old   Dominion   Journal,    April,   1909. 
^Camp;    Jour,  of  the  Amer.  Med.  Assoc.,  April  13,  1907. 
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borg^'  suggested,  in  1904,  that  paralysis  agitans  was  specifically 
the  syndrome  of  hyperparathyroidia,  a  view  to  which  Berkeley'* 
was  also  led  independently,  in  so  far  as  disease  of  the  parathy- 
roids is  concerned. 

That  the  latter  view  is  based  on  good  ground  is  suggested 
by  the  fact  that,  while,  as  stated  above,  thyroid  preparations 
are  useless  in  paralysis  agitans,  active  preparations  of  para- 
thyroid favorably  influence  the  disease.  Moreover,  their 
favorable  action  harmonizes  with  two  established  facts:  that 
the  parathyroids  produce  a  powerful  antitoxic  substance,  and 
that  the  pathogenic  element  of  the  disease  is  a  long-recognized 
toxs&mia.  That  s}Tnptoms  of  exophthalmic  goiter  and  of  myx- 
oedema  occur,  does  not  weaken  this  position  if  the  thyroid  and 
parathyroids  are  united  functionally.  Nor  does  the  presence 
of  these  two  antagonistic  disorders  militate  against  the  para- 
thyroid theory,  since  we  have  seen  that  exophthalmic  goiter 
lapses,  if  the  patient  lives  long  enough,  into  a  myxcedematous 
state.  Nor  need  we  even  deem  Thompson's  failure  to  find 
lesions  in  the  parathyroids  as  defeating  the  Lundborg-Berkeley 
theory,  for  the  functions  of  the  parathyroids  may  be  inhibited 
precisely  as  are  those  of  the  adrenals  and  thyroid,  by  lesions 
along  the  paths  of  the  nerves  through  which  their  functions 
are  governed.  Hence  the  cases  on  record  in  which  the  causa- 
tive lesion  was  found  in  various  parts  of  the  cerebrospinal 
system. 

Suggestive  also  is  the  beneficial  action  of  parathyroid. 
Berkeley®^  first  employed  commercial  preparations;  while  good 
results  were  obtained  in  some  instances,  they  often  proved  un- 
reliable. He  then  used  properly  identified  gland  rubbed  up 
fresh  with  milk-sugar  into  a  dry  powder,  but  found  this  also 
unstable.  Subsequently  he  used  the  nucleoproteid  solution  re- 
ferred to  under  the  preceding  heading  as  prepared  by  Beebe's 
method,  and  preserved  with  a  few  drops  in  the  bottom  of  the 
container.  This  raised  the  therapeutic  value  of  the  product, 
but  it  was  found  to  precipitate  readily,  and  that  it  failed  to 
bear  prolonged  transportation.  His  latest  process  is  the  fol- 
lowing: The  nucleoproteid  extraction  process  (Beebe's  method) 


"Lundborg:     Doutsch.   Zeitschrlft  fOr  Ncrvenheilkunde,   "27,"  1904. 
™  Berkeley:     Medical   News.   Dec,   19<»5. 
•"Berkeley:     Medical  Record,   Dec.   17,   1910. 
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is  adhered  to  generally,  but  all  the  preliminary  steps  are  hur- 
ried, and  the  precipitated  DiTcIeoproteid  is  not  redissolyed^  but 
quickly  dried  in  a  draught  of  cold  air;  so  that  within  eight 
or  ten  houn«  after  the  warm  glands  leave  the  bullock  a  minute 
amount  of  smooth  yellow  powder  is  obtained  which  stands 
physiologic  tests  admirably,  is  stable,  easily  handled,  and  does 
not  recjuire  a  freezing  temperature  (though  for  safety's  sake 
it  is  recommended  to  keep  it  on  ice).  The  powder  is  rubbed 
up  with  milk-sugar  as  a  menstruum,  and  is  placed  in  sealed 
containers. 

A  large  proportion  of  the  patients  slowly  respond  to  the 
treatment,  though  in  about  25  per  cent,  the  response  is  only 
temporary  and  imperfect.  The  rest  showed  progressive  benefit 
during  the  entire  period  of  treatment.  The  dose  of  nucleo- 
proteid,  as  previously  stated,  is  about  20  drops  (1.23  c.c.)  per 
day,  while  that  of  the  glandules  proper  is  5  to  8  per  day.  The 
preserved  gland  is  also  given  in  capsules  containing  each  the 
equivalent  of  Y2  grain  (0.033  Gm.)  of  fresh  gland,  5  to  7  of 
these  being  given  daily.  Parhon  and  Urechia**  and  Delille,** 
and  others,  have  also  reported  considerable  improvement,  though 
the  rigidity  did  not  seem  to  be  influenced. 

ADRENAL  OPOTHERAPY. 

The  now  discredited  \iew  that  adrenal  preparations  cause  a 
rise  of  blood-pressure,  besides  increasing  the  vascular  tone  has 
greatly  limited  the  intelligent  use  of  these  agents,  though  their 
empirical  employment  has  somewhat  compensated  for  this,  and 
clinical  applications  have  thus  been  discovered  which  the  limited 
field  of  laboratory  experimentation  would  never  have  brought 
to  light.  As  we  have  seen,  however,  the  adrenals  are  endowed 
with  far  more  important  functions,  from  my  viewpoint:  (1) 
their  secretion  takes  up  tlie  oxygen  of  the  air  in  the  pulmonary 
alveoli  and  carries  this  gas  to  the  tissue  as  constituent  of  the 
haemoglobin;  (2)  it  sustains,  as  such,  oxidation,  i.e.,  metabolism, 
of  the  tissues  (the  latter  having  been  sensitized  for  this  purpose, 
we  have  seen,  by  the  thyroioda^e). 


•*  Parhon  and  Urechia:     Soc.  de  Neurol.,  Nov.  7,  1907. 

*>  DelUle:     L'hypophyse  et  la  medication  hypophysaire,  p.  186,  1909. 
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While  this  conception  sustains  the  present  interpretation^  it 
accounts  for  clinical  phenomena  which  had  not  previously  been 
explained,  witnessed  in  the  use  of  adrenal  preparations.  It  shows, 
we  have  seen,  that  the  rise  of  temperature  noted  by  Morel, 
Lepine  and  the  concomitant  rise  of  temperature  and  increased 
metabolism  noted  by  Oliver  and  Schafer  are  due  to  increased 
oxidation.  It  accounts  also  for  the  rise  of  blood-pressure  after 
prolonged  use  or  very  large  doses,  since  increased  metabolic 
activity — excited  directly  by  the  adrenal  principle  besides  that 
due  to  general  oxidation — of  the  muscular  coats  of  vessels  causes 
contraction  and  elevation  of  the  blood-pressure.  The  increased 
power  of  the  heart  is  the  obvious  outcome  of  increased  meta- 
bolism in  the  myocardium,  precisely  as  it  is  in  the  vascular 
muscles,  while  the  slowing  of  its  action  is  due  to  the  greater 
diastolic  expansion  that  attends  increased  functional  vigor. 

The  preparation  most  used  is  the  glandyJm  suprarenales 
siccw,  or  dried  adrenal  gland,  of  the  IT.  S.'  P.  It  is  best  given  in 
capsules  in  doses  of  from  2  to  4  grains  (0.13  to  0.26  Gm.). 

Adrenalin,  except  in  15-minim  (1  Gm.)  doses  (Josue,  1917) 
is  unreliable  given  orally,  being  often  oxidized  in  the  stomach 
and  intestines,  and  rendered  inert.  It  is  absorbed  from  the  colon. 

Adrenalin  may  be  injected  subcutaneously  in  10-  to  20- 
minim  (0.62  to  1.23  c.c.)  doses  in  small  (1  to  2  drachms — i  to 
8  Gm.)  or  large  (1  to  2  pints^ — 500  to  1000  Gm.)  quantities  of 
warm  saline  solution,  the  smaller  quantity  of  the  latter  being 
preferable  when  repeated  doses  are  necessar)',  absorption  l)eing 
very  slow.  It  causes  pain  and,  sometimes,  general  pallor  when 
the  injections  are  repeated,  owing  to  contraction  of  the  arte- 
riolepl.  The  addition  of  0.01  gram  (y,  gr.)  of  novocaine  to  the 
solution  prevents  the  pain.  Injections  are  contraindicated  in 
infants  and  cardiac  disorders. 

When  prom[)t  results  must  be  obtained,  as  in  the  treatment 
of  shock,  cardiac  failure,  etc.,  the  intravenous  metliod  is  prefer- 
al)le,  injecting  slowly  10  to  20  drops  (0.62  to  1.23  c.c.)  in  a 
pint  or  quart  of  hot  (108®  F. — 12®.  C.)  saline  solution.  Or,  5  to 
10  minims  (0.3  to  0.6  Gm.)  in  2  drachms  (8  Gm.)  of  saline 
solution  may  be  injected  drop  by  drop  into  a  vein,  using  a 
hypodermic  syringe  in  an  emergency. 
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The  locml  application  of  an  adrenal  principle^  adrenalin, 
epinephrin,  etc.,  causes  such  marked  contraction  of  the  vessels 
that  their  lumina,  when  applied  over  small  vessels,  may  become 
oliliterated,  thus  arresting  totally  the  flow  of  blood.  The  tissues 
bet-onie  very  pale,  therefore,  and  even  blanched,  owing  to  the 
active  metal)olic  activity  set  up  in  the  vascular  walls,  and 
particularly  their  muscular  elements. 

The  disorders  in  which  adrenal  preparations  are  indicated 
are  numerous:  but  the  majority  of  those  in  which  they  are  of 
greatest  value  have  already  been  considered,  viz.,  Addison's 
disease  (page  97)  and  terminal  hypoadrenia  (page  109),  which 
in  itself  includes  practically  all  febrile  infections.  A  few  others, 
however,  mav  be  considered  here. 

Surgical  Diseases. — Laboratory  and  clinical  experience 
tend  increasingly  to  show  that  man  is  more  susceptible  to  the 
action  of  adrenalin  than  animals.  While  a  subcutaneous  injec- 
tion of  1  drachm  (4  c.c.)  of  a  1 :  1000  solution  will  hardly  affect 
a  rabbit,  one-third  of  that  quantity  has  produced  untoward 
effecls  in  normal  as  well  as  in  tuberculous  subjects  (Souques  and 
Morel),  e,g.,  vertigo,  nausea,  vomiting,  severe  pain  under  the 
sternum  similar  to  that  of  angina  pectoris,  and  a  feeling  of 
constriction  about  the  chest,  a  rapid  pulse,  dyspnoea,  cold  sweats, 
and  coldness  of  the  extremities.  Hj^podermic  doses  of  ^/i^q 
grain  (0.00055  Gm.),  however,  are  well  home.  Intoxication 
may  follow  the  use  of  adrenalin  when  injected  into  cavities  such 
as  the  vagina,  the  rectum,  the  urethra,  when  the  mucous  mem- 
brane is  abraded,  lacerated,  or  denuded,  thus  rendering  its 
absorption  possible.  The  urethra  seems  to  be  particularly  sensi- 
tive in  this  connection,  the  passage  of  bougies  for  stricture 
having  caused  poisoning  in  a  number  of  cases.  According  to 
Braun,**'  the  toxicity  of  epinephrin  or  other  adrenal  principles 
varies  with  the  individual,  but,  in  all,  the  danger  lies  in  the  use 
of  concentrated  solutions.  He  employs  a  solution  of  0.64  6m. 
(10  grains)  of  suprarenin  borate  in  100  c.c.  (25  drachms)  of 
0.5  per  cent,  novocaine  made  up  fresh  from  tablets  for  each 
operation;  125  c.c.  (31  drachms)  of  this  solution  can  be  used 
without  danger. 


"Braun:    Zeit.  f.  Oyn.;  Amer.  Jour,  of  Obstet,  1909. 
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Local  applications  may  also  be  followed  by  untoward  effects 
in  the  tissues  to  which  adrenalin  solutions  are  applied.  Repeated 
applications,  especially  with  the  atomizer,  of  anything  but  weak 
solutions  (1:10,000)  to  the  nasal  cavities  or  pharynx  may  give 
rise  to  oedema  of  the  nasal  mucosa,  the  uvula,  tonsils,  or  pillars 
of  the  fauces.  This  is  ascribed  by  mbst  writers  to  "violent 
vasomotor  constriction  of  the  blood-vessels"  and  the  resulting 
"venous  stagnation,"  but  it  is  in  reality  a  secondary  result  of 
these  effects,  i.e,,  paresis  of  the  arterioles  and  oedema  of  the 
tissues.  In  some  instances  they  cause  persistent  sneezing  and 
acute  coryza  accompanied  at  times  by  severe  pain  in  the  upper 
portion  of  the  nasal  cavities.  Some  cases  have  been  reported  in 
which  even  sloughing  and  gangrene  of  the  mucosa  occurred. 
Elderly  subjects  are  prone  to  this  complication,  according  to 
Neugebauer.  Post-operative  haemorrhages  are  not  infrequently 
noticed  after  the  use  of  adrenalin,  owing  to  relaxation  of  the 
severed  vessels.  In  the  larynx,  adrenalin  solutions  cause  an 
uncomfortable  drjniess  by  interfering  with  the  formation  of 
lubricating  mucus.  This  is  especially  distressing  to  singers.  In 
the  eye  their  use  in  scleritis  and  other  disorders  may  be  followed 
bv  severe  iritis.  Instillations  of  a  1 :  1000  solution  in  the  Eusta- 
chian  tubes  have  given  rise  to  violent  pain  in  the  middle  ear, 
which  was  renewed  whenever  the  remedv  was  thus  administered. 
The  use  of  adrenalin  solutions  in  the  form  of  spray,  at  least,  is 
contraindicated  in  infections,  owing  to  the  danger  of  facilitating 
the  entrance  of  pathogenic  gemis  into  the  sinuses. 

The  toxic  effects  produced,  however,  are  readily  accounted 
for  by  the  functions  in  oxidation,  metabolism,  and  nutrition  I 
attribute  to  the  adrenal  secretion.  Tracing  the  course  of  events 
from  start  to  finish,  we  have  at  first  the  effects  of  excessive 
metabolism  in  all  tissues:  in  the  cerebro-spinal  system,  excite- 
ment; in  the  muscles,  tremor;  in  the  kidneys,  polyuria;  in  the 
myocardium,  violent  contractions  (palpitations)  ;  in  the  muscular 
coats  of  the  vascular  system,  a  marked  rise  of  the  blood-pressure. 
The  latter  in  turn  aggravates  the  process  by  causing  congestion 
and  engorgement  of  the  capillaries  (which  are  not,  like  the 
arteries,  provided  with  a  muscular  coat)  of  all  organs,  including 
the  lungs,  causing  oedema  of  these  structures  and  dyspnoea.  As 
fhe  contraction  of  the  arteries  proceeds,  the  aorta  has  to  bear  the 
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Urunt  of  the  centrifugal  pressnrey  giving  risie  to  marked  sub- 
sternal pain.  When  it  becomes  such  that  the  arterioles  obstruct 
the  circulation  the  lethal  phenomena  are  initiated:  the  pul- 
monary circulation  being  impeded,  oxygenation  fails  to  pccur; 
asphyxia  follows,  and,  the  myocardium  receiving  too  little  blood 
to  sustain  its  contractile  power,  the  heart,  already  hampered  by 
tl»e  pulmonary  congestion,  ceases  to  beat. 

After  local  applications  the  morbid  effects  are  all  the  result 
of  the  action  of  the  adrenal  principle  upon  the  vessels.  The 
dryness  caustnl  hy  solutions  sprayed  into  the  larynx  is  due  to 
deficiency  of  hliMul  supplied  to  the  acini  and  the  resulting  inhibi- 
tion of  their  function.  If  this  is  kept  up  by  repeated  applica- 
tions, the  tissues,  no  longer  nourished,  may  slough  off,  as  has 
lH»cn  notictnl  in  the  upper  respiratory  tract  of  aged  subjects. 
The  a^ilenia  ohscr\ed  in  this  location  is  not  Active,  as  it  is  in  the 
lungs,  hut  passive,  i.e.,  due  to  exaggerated  relaxation  of  the 
vesst»ls  after  the  intense  constriction  to  which  the  drug  had  sub- 
jwted  them.  This  applies  equally  well  to  post-operative  haemor- 
rhage, and  to  the  severe  pain  (due  to  passive  congestion)  in  the 
middle  ear  after  instillations  in  the  Eustachian  orifice. 

Shock  and  Collapse, — ^The  familiar  influence  of  adrenal 
preparations  on  tlie  blood-pressure  and  the  role  in  tissue 
oxygenation  1  ascribe  to  them  afford  a  self-evident  explana- 
tion of  the  excellent  action  they  have  shown  in  the  treatment 
of  this  condition,  since  they  meet  at  once  the  two  main  morbid 
factors:  low  oardio-vascular  tension  and  depression  of  the  vital 
})rocess.  The  latter  effect  is  sliown  by  the  increase  of  body  heat 
noted  by  Koichert,  I^epine,  Morel,  and  others. 

Kinnaman,  in  a  comprehensive  study  of  the  temperature 
relationship  to  shock,  concluded  that  as  shock  increased  in 
severity  the  niO!=t  uniform  and  progressive  factor  was  the 
fall  in  temperature.  He  states  that  "in  one  series  [of  cases] 
the  fall  in  temperature  was  the  sole  cause  of  shock."  The 
results  of  Crile  with  adrenalin  in  salt  solution  given  very  slowly 
and  gradually  for  a  considerable  time  thus  find  a  normal  ex- 
planation in  my  interpretation  of  the  role  of  the  adrenal 
secretion.  He  resuscitated  animals  in  this  manner — ^with 
simultaneous  artificial  respiration — fifteen  minutes  after  all 
signs  of  life  had  ceased,  and  was  able  to  keep  a  decapitated 
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dog  alive  over  ten  hours  by  tliis  same  procedure.  That  it  was 
because  the  adrenal  secretion  is  able  to  incite  and  sustain  tissue 
metabolism,  i.e.,  the  vital  process  itself,  that  such  results  were 
obtained  seems  obvious. 

This  ap])lie8  not  only  to  sliock,  hut  also  to  surgical  heart- 
failure,  collapse  from  ha»morrliage,  aaphyxia,  and  submersion. 
The  adrenal  principle  (suprarenalin,  adrenalin,  etc.)  promotes 
energetically,  as  a  catalyzer  and  constituent  of  the  hn?nio- 
globin,  the  intake  of  oxygen  and  its  utilization  by  the  tissue- 
cells,  including  the  muscular  elements  of  the  canlio-vascular 
svstem,  and  thus  causes  them  to  resume  their  vital  activity. 
It  should  be  very  slowly  adminiFtertMl  intravenously,  5  minims 
(0.31  c.c.)  of  the  1000-solution  to  the  pint  of  warm  (105°  F. 
— 10.5°  C.)  saline  solution.  In  urgent  cases,  10  drops  (0.G2 
c.c.)  of  supracapsulin  or  adrenalin  in  1  drachm  of  saline  solu- 
tion can  be  used  instead,  and  repeated  at  intervals  until  the 
heart  responds.    Artificial  respiration  hastens  its  effects. 

The  same  remarks  apply  to  the  untoward  effects  of  chloro- 
form, which  are  also  due  to  circulatory  failure,  with  partial 
suspension  of  the  vital  prwess  in  the  tissue-cells.  Here  a  rc'la- 
tively  large  dose  must  be  used,  30  minims  (2  Om.)  of  epi- 
nephrin,  supracapsulin,  or  adrenalin  in  a  pint  of  warm  (108° 
F. — 12.5°  C.)  saline  solution  intravenously.  If  injected  very 
gradually  it  will  excite  the  cardiac  muscle  by  a  direct  action 
upon  it  before  reaching  the  lungs,  and  cause  it  to  resume  its 
contractions.  Kothe^*  has  use<l  this  metho<l  successfully  in  5 
cases  of  cardiac  failure  following  spinal  anjrsthesia.  Too  raf»id 
injection  causes  cramp  of  the  cardiac  muscle  and  holds  it  in 
gystole.  Dupont"^*  found  that  V,jo  ^n  (0.0005  Om.)  in  1 
pint  (500  Om.)  saline  solution  verj-  efTw'tive  in  shock. 

The  simultaneous  use  of  V,^  grain  (0.0006^  Om.)  of 
atropine,  hypo^lermi(rally,  aids  materially  the  resuscitation  by 
causing  the  arterioles  to  resume  their  functional  tone,  and  thus 
to  re-estai)lish  the  rvha-tergo  morion  of  the  blr>o<l  in  the  capil- 
lary ay^tem.  The  physical  methorls,  rhythmical  trar-tion  of  the 
tongue,  su.<ap^nsion,  etc.,  mnj*t,  of  cfjurse,  not  be  neglerrte*^!. 

Iffrwfrrrharjf'. — Fn      h^'morrhajre     from     the     pharyngeal. 


Koth<»r     Th'»rapi*»  <ler  Og^nwart.  p.  DR.   1IW7. 
■  Dupont:     Arrb.  de  m<^d.  Pt  df  pharm.  milit.,  Ixiv.  542,  Vili. 
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a^sophagoaly  gastric,  or  intestinal  mucous  membrane^  the  mas- 
tication of  adrenal  gubBtance,  or  the  use  of  powdered  adrenal 
substance  in  5-grain  (0.33  Gm.)  capsules,  arrests  the  flow,  by 
causing  active  metabolism  in  the  muscular  elements  of  the 
arterioles  of  the  mucosa  and  constriction  of  these  Tessels — ^the 
characteristic  local  action  of  the  adrenal  principle. 

Its  use  in  intestinal  haemorrhage  was  studied  with  consid- 
erable care  recently  by  C.  J.  Wiggers."  His  conclusions  were 
as  follows:  1.  Large  doses  of  adrenalin  (0.05  to  0.1  mg.)  cause 
a  short  preliminary  increase  in  hiemorrhage,  followed  quickly 
by  a  decrease  or  cessation  of  bleeding.  On  account  of  the  great 
preliminary  loss  of  blood  they  are  always  contraindicated.  2. 
Small  doses  of  adrenalin  (0.01  to  0.025  mg.)  cause  little  or  no 
preliminary  increase,  but  shorten  the  course  of  haemorrhage. 
As  they  save  the  red  blood-cells  in  every  way  they  are  thera- 
peutically desirable.  3.  The  method  of  introducing  adrenalin 
determines  the  effect  of  blood-pressure  and  haemorrhage.  No 
results  are  obtained  by  subcutaneous  administration.  By  con- 
tinuous intravenous  injection  of  weak  solutions  a  slight  eleva- 
tion of  pressure  can  be  maintained  and  haemorrhage  simultane- 
ously checked.  This  can  also  be  accomplished  by  intramuscular 
injection.  4.  Adrenalin  is  not  indicated  in  all  intestinal 
haemorrhages.  The  condition  of  the  blood-pressure  is  the 
criterion  for  its  use.  In  haemorrhages  of  short  duration  when 
the  pressure  has  not  fallen  to  any  extent,  a  judicious  use  of 
nitrites  proves  of  more  benefit  than  adrenalin.  When  the 
bleeding  has  been  profuse,  however,  and  a  low  pressure  already 
exists,  it  becomes  vital  that  haemorrhage  should  be  checked 
without  further  reduction  of  pressure.  Adrenalin  finds  its 
use  in  this  field.  5.  The  use  of  adrenalin  should  always  be 
closely  followed  by  blood-pressure  observations.  A  dose  sure 
to  be  below  the  safety  limit  should  first  be  tried,  and  the 
pressure  carefully  estimated.  If  no  rise  occurs,  gradually  in- 
creasing doses  may  be  injected  until  a  slight  elevation  of  pres- 
sure is  present. 

Toxaemias. — It  was  noted  long  ago  by  Abelous  and  Lan- 
glois,  Charrin,  Oppenheim,  and  others,  that  adrenal  extracts 
antagonized  certain  toxins  and  other  poisons.    This  is  due  to  the 

^Wiggers:    Arcbirea  of  Internal  Medicine,  Marcb  16,  1909. 
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participation  of  the  adrenals  in  general  imnuuiity  which  1 
pointed  out  as  far  back  as  1003,  the  specific  action  carried  on  by 
their  secretion  being  that  of  amboceptor.  Ooldsieher""*  notini  a 
marked  diminution  of  adrenalin  in  the  adrenals  of  subjtvht  in 
which  death  had  been  due  to  an  infection :  pneumonia,  puerperal 
meningitis,  etc.,  thus  showing  that  in  all  such  processes  there  is 
abnormal  activity  of  the  organs,  i.e.,  an  extraordinary  output  of 
adrenal  secretion.  Many  clinicians  are  now  using  adrenal  i)repa- 
rations  to  compensate  for  this  loss.  (See  Terminal  Hypoadrenia, 
page  109). 

Cancer. — In  both  rats  and  mice,  carcinomatous  and  sar- 
comatous neoplasms  have  been  caused  to  disappear  by  injections 
of  ad  renin,  while  they  also  prevented  the  growth  of  cancerous 
grafts.  Eeicher**^**  tried  the  same  treatment  in  man.  A  sarcoma 
was  reduced  to  one-third  of  its  size,  which  third  with  the  aid  of 
X-rays  and  the  high-frequency  current  was  caused  to  disapiKsar. 
Malignant  lymphomata  and  a  case  of  melanosarcoma  were  also 
favorably  influenced.  Injections  of  adrenalin  around  a  tongue 
cancer  also  proved  beneficial.'**  '^^ 

In  personal  inoperable  cases  adrenal  gland  seemed  t^)  prolong 
life  by  delaying  the  cachexia,  especially  when  given  with  iron. 
Suggestive  in  this  connection  is  that,  in  Keicher's  words:  "It 
is  remarkable  that  during  the  treatments  the  patientn  increase! 
much  in  weight — up  to  14  pounds.  There  must  f^e  a  constant 
anomalv  of  metal)olism  somewhere/^  I  mav  re<:aU  in  this  am- 
nection  that  eight  years  earlier  I  had  pointed  out  that  the 
function  of  the  adrenal  secretion  was  to  take  up  the  oxygen  of 
the  air  in  the  lungs  and  to  sustain  tissue  oxidation,  metabr^lism, 
and  nutrition — thus  accounting  for  the  gain  in  weight  Keicher 
noted.  Kitchie***  recently  reported  the  disappeafanr«  of  a  skin 
<:arcinoma  under  local  applications  of  the  1 :  1000  eolation  of 
ad renin. 

The  desensitizing  action  of  adrenalin  by  cataphon^iii  ha^ 
lieen  found  by  Kricher  and  L^^nz**'  to  permit  the  u?e  of  nearly 

doubl'r  th'f  flfr^f:  of  X-raVi?. 

«•  r>,j4«;*h*r      WWm*r  kiln.   Wo<.b*ti«rhrlfi.  Jaa*  2.   ir.\ 

•«*  R^'h^r       J>»iHL    mrf.    Wrxh..    Su,    22,    ITA.   aa4    B<rt:&<r  kha.    W<jefc.. 

•■^  Err  t*>r3;*!7*r '     fi*rMn*T  m*A.   Wo^b  .  Ai%.   T..   IKL 

■••  liv»>>       |yyr#4<rT.   Lar.''*t    inn*:  2*.   :>'!. 

^  kM^\fer  9Ad  l>tu:    I^nt  nwtd.  Wo<ch..  iu.  4.  linx 
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(*ARDiAc  Disorders. — Kothe,**  Bothachild/^  Ciile,**  and 
others  have  obtained  prompt  recovery  (after  all  other  means 
had  failed  in  Kothe's  cases)  in  surgical  heart-failure  from  in* 
travenous*  injection  of  adrenalin  in  saline  solution.  ICan- 
kowsky,""  Bates,^*  Floersheim/*  Deeks^*^  and  Boy-Teissier** 
have  urged  the  value  of  adrenal  preparations  in  cardiac  dis- 
orders accompanied  by  weakness,  particularly  when  there  is 
dilatation,  cyanosis,  or  oedema.  Yoight^  found  10  to  15  TniTiima 
of  adn*nalin  1 :  10()0  solution  and  5-grain  tablets  of  the  gland 
valuable  in  cardiac  dropsy  and  cardiac  dyspnea. 

In  1853  Broun-Sequard*^  found  that  the  venous  blood  of 
the  venie  cavas  contained  some  substance  which  contributed 
to  the  contractions  of  the  heart.  A  contemporary  promptly 
relegated  this  experimental  fact  to  oblivion,  by  showing  that 
carbonic  acid,  tlie  only  excitant  credited  to  venous  blood,  failed 
to  cause  an  exposed  heart  to  contract.  Had  it  not  been  for 
this  misdirected  experiment  it  is  more  than  likely  that  Brown- 
Scquard,  over  fifty  years  before  Oliver  and  Schafer,  would 
have  discovered  that,  in  Schafcr's  words,**  the  adrenal  ex- 
tract produc*cd  ^'a  powerful  physiological  action  upon  the 
muscular  system  in  general,  but  especially  upon  the  muscular 
Walls  of  the  blood-vessels,  and  the  muscular  wall  of  the  hearf 
He  would  then,  moreover,  have  reached  the  obvious  conclusion 
to  which  I  was  subsequently  led,  that,  inasmuch  as  the  adrenal 
secretion  passed  by  way  of  the  adrenal  veins  to  the  inferior 
vena  cava,  it  was  inevitably  carried  to  the  right  heart  in  the 
blood  of  this  great  channel,  and  that  it  was  the  adrenal  secre- 
tion, therefore,  which  helped  the  heart  to  contract 

This  explains  the  beneficial  effects  of  adrenal  preparations 
in  adynamic  heart  disorders.  Their  active  principle  via  the 
vena?  cavje  excites  directhj  the  muscular  elements  of  the  right 
heart.  Besides  this,  however,  the  entire  cardiac  muscle 
is  also,  from  my  viewpoint,  excited  indirectly.     The  adrenal 

••Kothe:    Centralbl.  f.  Chir.,  Aug.  17,  1907. 
"^Rothschild:    Therapie  der  Gegenwart,  June,  1908. 
••  Crile:     Amer.   Jour.    Med.    Sci.,   April,   1909. 

''Mankowsky:     Russian  Arch,  of  path.,  Clin.  Med.  and  Baet.,  March,  189S. 
*^  Bates:     Medical  News,  March  2,  1900. 

*^  Floersheim:     New  York  Medical  Journal,   Oct.   6,  1900,  and  May  4,  1901. 
••  Decks:     Montreal   Medical   Journal,   Nov.,   1901. 
••  Boy-Teissier:    Arch.  g^n.  de  mM.,  Aug.  23,  1904. 
»■  Volght:     British  Med.   Journal,   March  9.   1912. 

**Brown-S^uard:     "Experimental    Researches    Applied   to   Phyalolonr   and 
Pathology,"  p.  104,  1853. 

""Scn&fer:    Loc.  cit.,  vol.  i,  p.  951,  1898. 
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active  principle  being  carried  by  the  venous  blood  from  the 
heari;  to  the  pulmonary  air-cells,  it  is  added  to  that  already 
in  the  blood,  and  becomes  converted  into  the  albuminous  con- 
stituent of  haemoglobin,  which,  as  we  have  seen,  sustains  oxi- 
dation. In  this  form  it  returns  from  the  lungs  to  the  left 
ventricle,  with  the  arterial  blood  it  has  enriched,  to  be  dis- 
tributed to  the  body  at  large.  When  we  recall  that  the  first 
Urtcries  given  off  by  the  aorta  are  the  coronaries,  whose 
branches  supply  the  heart  muscle  proper,  it  becomes  evident 
that  the  entire  heart  is  the  first  to  receive  blood  freshly  laden 
with  oxygen.  On  the  whole,  the  adrenal  secretion  itself  con- 
tributes to  the  hearths  working  power  in  two  ways:  (1)  by 
enhancing  directly  the  contractile  power  of  its  right  ventricle, 
and  (2)  by  sustaining  oxidation  and  metabolism  of  the  entire 
cardiac  muscle. 

Emphasis  must  be  laid  upon  an  important  practical  fact 
in  this  connection,  namely:  that  the  obvious  purpose  of  the 
direct  aid  the  right  ventricle  receives  from  the  adrenal  secre- 
tion is  to  assist  the  walls  of  this  ventricle  in  projecting  the 
venous  blood  into  the  lungs.  This  explains  the  rapidity  with 
which  cardiac  dyspnoea  is  relieved  by  adrenal  preparations; 
they  not  only  restore  to  the  right  ventricle  its  power  to  drive 
the  venous  blood  adequately  to  the  air-cells,  but  they  supply 
it  with  the  pabulum  which  enables  it  to  absorb  from  the  air 
enough  oxygen  to  restore  the  general  respiratory  equilibrium. 
The  increased  metabolic  activity  in  the  vascular  muscles  being 
also  enhanced,  passive  oedema  is  also  caused  to  disappear,  while 
the  dilated  heart  tends  to  resume  its  normal  dimensions. 

Whether  given  orally,  hypodermically,  or  intravenously, 
therefore,  adrenal  gland,  through  the  agency  of  what  active 
principle  it  happens  to  contain,  enhances  the  contractile  power 
of  the  heart.  Mankowsky**  found  that  its  efficiency  was  best 
shown  in  canliac  weakness  and  threatening  collapse,  and  all 
evidence  available  points  in  the  same  direction.  Floersheim 
states  that  when  powdered  adrenal  is  placed  on  the  tongue,  mixed 
with  saliva  and  masticated  tlioroughly,  its  effects  appear  within 
ten  seconds.     At  other  times  it  takes  ten  minutes  to  regulate  a 


•■Mankowflky:     Russian   Archives  of  Pathology,    March,   1898. 
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weak,  irregular  pulse,  but  the  usual  time  has  been  between  two 
and  three  minutes. 

The  dried  gland  in,  daily  doses  of  l^^  to  3  grains  (0.1  to 
0.2  Gni.)  is  used  in  Europe.  Whether  our  preparations  are 
weaker  or  not  I  cannot  tell,  but  the  fact  remains  that  such  doses 
have  not  proven  active  in  my  practice,  2  grains  (0.13  Qm.) 
three  times  daily,  when  a  good  preparation  is  available,  being 
necH^ssary  to  obtain  appreciable  effects^  i,e,,  such  effects  as  can 
readily,  and  with  more  accuracy,  be  obtained  with  digitalis. 
Kothe*^  injects  20  drops  (1.23  cc.)  of  the  1:1000  solution  of 
adrenalin  in  1  quart  of  saline  solution  intravenously.  John** 
injects  slowly,  in  tlie  same  manner,  3  to  15  minims  (0.18  to 
0.92  cc.)  of  adrenalin  in  l^/^  drachms  (5.55  cc.)  of  saline 
solution.  It  has  been  used  subcutaneously  in  15  (0.92  cc)  or 
more  minims  in  lA  to  1  pint  (250  to  500  Gm.)  several  times 
daily  if  necessary  by  Jo8u6  and  otliers.  Netter  gives  10  to  20 
drops  (0.G2  to  1.23  cc)  or  more  by  the  mouth,  but  also  sub- 
cutaneously in  saline  solution,  when  larger  doses  are  required. 

During  the  war,  Peal)ody®***  found  adrenalin  very  helpful 
in  the  treatment  of  tlie  irritable  heart  of  soldiers.  He  injected 
0.5  cc.  (8  minims)  of  tlie  1 :  1000  solution.  He  also  observed  an 
increase  in  the  depth  of  respiration  and  a  rise  of  blood-pressure. 

The  indications  of  adrenal  preparations  are,  as  stated,  tliose 
in  which  weakness  of  the  myocardium  exists,  though  I  would 
fear  their  use  wlien  degeneration  is  present,  owing  to  the  marked 
increase  of  vascular  tension  they  cause,  and  the  greater  resistanc^e 
thus  inijK)sed  upon  the  heart.  Their  value  is  manifest  where 
marked  and  threatening  card io- vascular  adynamia  exists,  and  in 
cardiac  collapse  in  the  course  of  infections,  which  is  due,  as  I 
have  shown  under  **tenninal  hypoadrenia,''  to  arrest  of  adrenal 
functions.  In  such  cases,  especially  where  urgency  prevails^ 
adrenal  medication  promptly  restores  the  arterial  tension;  the 
cardiac  beats  become  more  ample  and  regular,  and  the — perhaps 
suspended — pulse  resumes  its  normal  strength  and  rhythm. 

In  the  treatment  of  valvular  and  other  cardiac  disorders, 
digitalis  is  more  reliable,  and  it  can  be  adjusted  to  the  needs 
of  each  case  with  greater  precision. 


^  Kothe:     Theraple  der  Gegenwart.  p.  95.  1909. 

«John:     Mtlnch.  med.  Woch..  p.  1221.  1900. 

•••  Peabody:    Jour.  Araer.  Med.  Assoc,  Ixxi,  p.  1912,  1918. 
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Respiratory  Disorders. — We  have  seen  that  adrenal  prep- 
arations enhance  the  vigor  of  the  cardio-vascular  contraction. 
The  asthma  often  met  with  in  elderly  people  is  thus  promptly 
relieved  by  these  agents.  This  applies  also  to  true  asthma,  as 
first  shown  by  S.  Solis-Cohen.**  This  result  is  explained,  from 
my  viewpoint,  not  only  by  the  increased  oxygen  intake  and  the 
improved  tissue  oxidation  just  mentioned,  but  also  by  the  more 
perfect  hydrolysis  of  the  toxic  wastes  to  which  the  spasm  of  the 
bronchial  muscles,  and  therefore  the  asthmatic  paroxysms,  are 
due.  This  introduces,  however,  an  important  feature  of  the 
problem,  to  wit,  the  participation  of  the  whole  organism  in  the 
improved  oxygenation. 

The  prompt  arrest  of  a  paroxysm  of  asthma  by  the  hypo- 
dermic injection  of  5  to  10  drops  (0.31  to  0.62  c.c.)  of  the 
1 :  1000  solution  of  adrenalin  chloride,  first  recommended  by 
Kaplan,  has  been  termed  "inexplicable"  and  "marvelous";  but 
if  the  adrenal  principle  is  considered  as  the  active  factor  in 
general  oxidation,  and  it  is  recalled  that,  according  to  Takamine, 
one  two-hundred-thousandth  of  a  grain  (0.00000033  Gm.)  of 
adrenalin  (and  this  applies  as  well  to  other  adrenal  principles, 
such  as  suprarenalin,  epinephrin,  etc.)  suffices  to  awaken 
physiological  action,  one  can  readily  understand  why  many 
times  this  dose  will  produce  therapeutic  effects.  Especially  does 
this  assert  itself  when  we  take  into  account  a  fact  I  have  long 
urged,  to  wit,  that  we  must  look  upon  the  active  principle  of  the 
adrenal  secretion  not  merely  as  a  reducing  agent,  but  as  a 
catalyzer  which,  though  remaining  itself  stable,  can  take  up 
oxygen  and  transfer  it  with  extreme  rapidity,  and  in  relatively 
enormous  quantities,  to  the  haemoglobin,  and  from  this  com- 
pound to  the  tissue-cells.  The  adrenal  active  principle  has  not 
only  been  found  in  the  red  corpuscles  by  Mulon,  as  we  have  seen, 
but  its  catalytic  action,  first  pointed  out  by  Poehl,  meets  precisely 
the  conditions  deemed  necessary  by  Moritz  Traube,  in  1858,  to 
explain  the  massing  of  oxygen  in  the  tissue-cells  through  its  all- 
powerful  catalytic  action. 

It  has  been  noticed  that  a  rise  of  blood-pressure  does  not 
always  occur  when  it  is  low,  when  adrenalin  is  injected  into  the 
tissues,  but  this  is  due  to  its  slow  absorption,  though  the  asth- 


"^Solis-Cobeo:    Jour.  Amer.  Med.  Assoc..  May  12,  1900. 
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matie  paroxysm  is  aided  at  once.    The  rise  of  blood-pressure  is 
hastened,  according  to  Miles  and  MuUeberg^  when  the  area  in 
which  the  remedy  was  injected  is  massaged.    Spraying  the  nose 
with  a  1 : 4(>00  or  stronger  8<dution  of  adrenalin  or  suppositories 
containing  this  agent  has  also  been  found  capable  of  arresting 
])aro.\ysnis  of  asthma  by  Matthews.     Aronsohn  applies  to  the 
nostrils  an  ointment  of  vaselin  and  lanolin,  of  each,  1  drachm 
(4  grammes),  containing  30  to  60  minims  (1.85  to  3.7  c.c.)  of 
1 :  1000  solution  of  adrenalin  chloride.    Weiss***  recommends  an 
injirtion  of  adrenalin  ^/^o  grain  and  pituitary  extract  Vs  gniin 
in  15  minims  of  water.    A  second  injection  was  required  in  only 
10  out  of  300  cases. 

In  hay  fever  the  nasal  spray  referred  to  above  was,  at  one 
time,  used  extensively,  but  it  eventually  proved  more  harmful 
than  beneficial.  By  exhausting  the  contractile  power  of  the 
nasal  mucosa  it  caused  the  latter  to  relax  and  to  block  the 
respiratory  area.  If  used  at  all,  it  should  be  only  for  a  short 
time.  Matthews***'  uses  a  1 :  1000  solution  in  severe  cases  and 
1 :  2000  or  1 :  4000  in  milder  ones.  Far  more  efficient  is  the 
adrenalin  ointment  1 :  1000,  to^  reduce  the  turgescence  of  the  nasal 
mucosa,  keeping  tlie  latter  down  by  means  of  a  10-grain  to  the 
ounce  of  liquid  petrolatum  spray,  between  times. 

Solomon  Solis-Cohen  recommends  the  use  of  adrenalin 
tablets,  l>cginning  with  Vjo-grain  (0.00132  Gm.)  doses,  and  in- 
creasing the  latter,  if  need  be,  as  the  patient  becomes  accus- 
tomed to  the  use  of  the  remedy  until  */io  grain  (0.006G  Gm.) 
is  given.  The  tablets  are  allowed  to  dissolve  on  the  tongue.  If 
the  patient  can  remain  in  a  dark  room  to  avoid  the  reflex  excita- 
tion of  the  sensitive  centers,  the  remedy  is  given  less  often. 

Ascites  and  other  Effusions. — In  this  condition,  there 
is  a  more  or  less  great  loss  to  the  circulatory  blood  pf  its 
adrenal  principle,  owing  to  the  accumulation  in  the  peritoneal 
cavity  of  a  more  or  less  great  volume  of  its  serum.  The  latter 
being,  as  I  have  shown,  the  intermediary  between  the  red  cor- 
puscles and  the  tissues  for  the  transmission  of  the  adrenoxidase 
to  the  latter,  the  ascitic  fluid  deprives  the  body  of  part  of  its 
oxidizing  principle,  i.e.,  transfers  a  given  proportion  of  it  where 
it  cannot  carry  on  its  normal  functions.    In  some  cases,  in  fact, 

»••  Weiss:     Deutsche  med.  Woch.,  Sept.  19,  1912. 
'^  Matthews:     British  Med.  Jour..  Feh.  19,  1911. 
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as  in  one  recently  observed  by  Bean/®®  the  serum  may  be 
bloody.  The  marked  anaemia  and  asthenia  which  complicate 
these  cases  speak  in  favor  of  this  view. 

That,  in  addition,  the  adrenal  principle  should  prove 
useful  in  these  cases,  suggests  itself,  since  they  would  restore 
to  the  organism  that  which  is  so  essential  to  its  physiological 
welfare.  Fleischer  and  Loeb^®^  found  that  injections  of  ad- 
renalin not  only  improved  the  general  condition,  but  also  that 
they  increased  the  rapidity  of  absorption  of  the  fluid  from  the 
peritoneal  cavity.  Tyson  and  Jump*®*  resorted  to  this  measure 
in  3  cases.  In  the  first  patient  ascites  was  due  to  chronic 
parenchymatous  nephritis  associated  with  moderate  regurgita- 
tion at  the  mitral  valve.  Tapping  had  already  been  performed 
three  times.  Nine  injections  of  adrenalin  chloride  were  then 
given  in  the  space  of  about  two  weeks,  the  original  dose  used 
being  7^/^  minims  (0.5  c.c.)  of  a  1 :  1000  solution,  rapidly  in- 
creased to  30  minims  (2  c.c).  The  first  5  injections  were 
given  on  successive  days.  After  the  third  injection  the  line 
of  dullness  in  the  abdomen  began  to  descend,  and  after  the 
sixth  ascites  was  barely  demonstrable.  The  patient  had  two 
attacks  of  pulmonary  cedema  during  the  treatment,  but  stated 
that  he  had  had  previously  several  such  attacks.  The  quan- 
tity of  urine  passed  gradually  rose  during  the  treatment,  the 
daily  output  at  its  termination  being  from  70  to  80  ounces 
(2100  to  2400  c.c).  Progressive  improvement  followed.  As 
to  the  question  whether  the  adrenalin  had  some  influence  upon 
the  kidneys  in  addition  to  that  on  the  absorptive  power  of  the 
peritoneum,  the  fact  that  the  patient  had  already  been  under 
treatment  for  a  long  time,  which  treatment  had  apparently 
been  beneficial,  leads  to  a  conclusion  in  the  negative. 

The  third  patient  was  suffering  from  an  abdominal  car- 
cinoma, probably  arising  in  the  stomach  and  extending  to  the 
omentum.  The  first  injection  of  30  minims  (2  c.c.)  apparently 
diminished  the  amount  of  fluid.  The  injections  were  gradually 
increased  to  GO  minims  (4  c.c),  12  in  all  being  given,  after 
which,  no  improvement  being  noted,  paracentesis  became  nec- 
essarv.     The   character   of   the   causative   disorder,    however, 


»"»Bean:     ChicaRO   Medical   Times,    Sept..    1910. 

>«  Fleischer  and  Loeb:    Jour.  Exper.  Med.,  vol.  xii.  No.  3,  1910, 

i*^  Tyson  and  Jump:     Thcrap-ut  c  GazLtte,  Jan.,  lyil. 


761         ADRENAL   OPOTUBRAPT.       RSSPIRATORT   DISORDERS. 

could  but  defeat  the  curatire  ralue  of  the  adrenal  principle. 
In  Bean'»  case,  from  which  nearly  aixty  gallons  of  fluid,  san- 
guinolent  at  times,  we  have  seen,  complete  recovery  ocenrred. 

Satisfactory  results  have  also  been  obtained  in  serous 
effusions  in  the  pleura  and  tunica  vaginalis  after  aspiration, 
by  injecting  into  the  cavity  from  8.  minims  (0.5  cc.)  to  2 
drachms  (S  Gm.)  of  adrenalin  in  four  times  the  quantity  of 
saline  solution. 

General  Ixdicatioxs  of  Adhekal  Preparations. — ^The 
list  of  disorders  in  which  adrenal  preparations  have  been, 
and  are  being,  employed  could  be  greatly  extended,  but  I 
have  limited  myself  to  those  in  which  their  use  has  proven 
advantageous  in  the  hands  of  a  sufficiently  large  number  of 
practitioners  to  warrant  their  being  added  to  our  trusted 
remeiiial  agencies.  In  a  certain  number  of  diseases  they  may 
even  be  said,  interpreted  from  my  viewpoint,  to  exceed  other 
means  at  our  disposal  in  value.    These  are: — 

1.  Addison's  disease.  In  this  affection  adrenal  prepara- 
tions compensate  for  the  deficiency  of  adrenal  secretion,  and, 
therefore,  for  deficient  general  oxidation,  metabolism,  and 
nutrition.  The  dosage  should  be  adjusted  to  the  needs  of  each 
case.  Beginning  with  3  grains  (0.2  Gm.)  of  the  desiccated 
extract  three  times  daily  after  meals,  the  dose  should  be  gradu- 
ally increased  until  the  temperature  and  the  blood-pressure 
Wcome  normal,  when  the  last  dose  should  be  maintained.  (See 
pige  103.) 

*^.  Surgical  heart-failure ;  collapse  from  hsBmorrhage,  shock, 
asphyxia,  and  submersion.  Here  the  adrenal  active  principle 
(suprarenalin,  adrenalin,  etc.),  as  a  catalyzer  and  a  constituent 
of  the  hjenioglobin,  promotes  energetically  the  intake  of  oxygen 
and  its  utilization  by  the  tissue-cells,  including  the  muscular 
elements  of  the  cardiovascular  system,  and  thus  causes  them 
to  resume  their  vital  activity. 

3.  The  toxa?mias,  including  bacterial  infections,  surgical 
septicaemias,  etq.,  when  collapse  threatens,  especially  when  a 
persistently  low  blood-pressure,  hypothermia,  and  cyanosis  are 
present.  Besides  enhancing  pulmonary  and  tissue  respiration, 
the  adrenal  principle,  administered  in  the  same  way,  enhances 
the  otliciency  of  the  immunizing  process.  (See  pages  113  and 
U>4.) 
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4.  Capillary  hjemorrhago  from  tho  ph«iryn^*sii)u  ^v*(»^>)>h%y^^U 
gastric,  or  intestinal  mucous  nKnnbraiu\  *rht^  lU^MU'iiilUxi^  wt 
tablets  of  adrenal  substance,  or  the  oral  uj^o  of  jn^wOt^rtsI  ik\h 
renal  substance  in  5-grain  capsules*  arn^sts  the  flow  bv  \*<i\)Ai)^f 
active  metabolism  in  the  muscular  element!*  of  the  <irterioh^)i 
of  the  mucosa  and  constriction  of  these  veHHeln, 

5.  Asthenic  cardiac  disonlers  with  dilatation  of  tho  rl|j[h( 
ventricle,  dyspncea,  and  possibly  cyanosis  and  tedoiimi  owinjf 
to  the  direct  action  of  the  adrenal  principle  on  tho  ri^iht  \oh-« 
tricle  and  improved  oxidation  and  metaholiHin  in  tl»e  eardio^ 
vascular  muscles  and  the  tissues  at  large.  'rnhletM  tif  fnun 
V2  to  2  grains  (0.033  to  0.13  Gm.)  of  the  dediiteatmi  ^Innd  own 
be  taken  after  meals. 

6.  Asthma,  to  arrest  the  paroxyBms,  by  augment in^  thu 
pulmonary  and  tissue  intake  of  oxygen  and  the  rardio^vMMeiilar 
propulsion  of  arterial  blood.  From  5  to  10  mininiii  (0,;il  |o 
0.62  c.c.)  of  the  1:1000  solution  of  Kuprarenalin  or  iidrenaliM 
in  1  drachm  of  saline  solution  should  be  inje<;ted,  drop  by  drop, 
into  a  superficial  vein,  or  hypodennically. 

7.  To  prevent  the  recurrence  of  Kcroun  effuwionn  in  tiMt 
pleura,  the  peritoneum,  the  tunir:a  vaginalis,  Hr..,  ntUtr  n^\t\rii^ 
tion,  by  reducing  the  permeability  of  the  local  rnipill«ri<M»  nt%t\ 
restoring  the  circulatory  equilibrium. 

8.  In  neuralgia  or  neuritis,  a»  \^t\nXHt\  *mi  \ty  CariH/m, 
applied  to  the  cutaneous  surface  over  th^  <fUMii».«#!?4  i»r*r«  to  \iVP' 
duce  m'\\atm\2i  of  the  hyf>*fniiTnic  ii^rve*  ittt/4  ^ttm  «rr(iAt  U^k 
pain-  One  to  t  rriinim^f  (0J2  i-.A.)  of  a  1  t/>  Vf^f^f  Dwif^rt^Uh 
ointment  ♦should  Ur  applied  by  jnuncti^yw, 

vhk'ij    ijLa\«r   ^j*^    fj^   \ft   *Ufi*^r   ivnu    X^yj*^^    y^"^y^   <j*j«uni^.<»Tf    Thu- 
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tifvue  rich   mainly   in   chromaffin  substance  and   nucleins,   or 
at  least  in  substances  capable  of  producing  jointly  the  effects  of 
adrenal   preparations    (a  generally  recognized   fact)    modified^ 
and    indeed    improved,  through  their  combination   with    other 
components  of  the  pituitary  body.     I  may  recall  in  this  con- 
nei'tion  that  of  the  two  lobes,  as  shown  by  Howell,  Silvestrini, 
Thaon,****  and  others,  the  posterior  is  the  only  one  whose  extracts 
are  active  therapeutically,  but  that,  as  shown  by  Crowe,  Gushing, 
and   llomans,^®^  it  is  not  removal  of  this  lobe  which  causes 
death  in  animals — as  it  should,  were  it  like  the  adrenals  and 
the  thyroparathyroid  body,  a  secreting  gland  important  to  life — 
but  removal  of  the  anterior,  which  therapeutically  is  inert. 

What  explanation  of  the  role  of  pituitary  preparations  I  will 
offer,  therefore,  will  not  take  the  so-called  secretion  into  ac- 
count; it  will  utilize  the  only  certain  fact  we  have  at  our 
disposal  for  this  purpose,  viz.,  that,  as  shown  by  Wiesel,  the 
posterior  lobe  is  rich  in  chromaffin  substance — ^the  active  com- 
ponent of  adrenal  tissue — and  that  it  is  mainly  the  physiological 
effects  of  this  substance — ^though  advantageously  modified  as  a 
therapeutic  agent  through  its  combination  with  other  constit- 
uents of  the  same  tissue,  I  repeat — ^that  we  witness. 

The  phenomena  awakened  by  pituitary  are  strikingly  those 
of  adrenal  preparations.  Mairet  and  Bosc^®*^  found,  in  1896,  that 
subcutaneous  injections  of  pituitary  extract  produced  a  rise  of 
teni|>erature  which  lasted  but  a  couple  of  hours.  An  intravenous 
dojse  produced  marked  myosis,  slowing  of  the  respiration,  power- 
ful cardiac  beats,  and  hyperthermia  as  main  signs,  the  animals 
recovering,  however.  Schafer  and  Vincent^®*  then  found  that 
pituitary  substance  raised  the  blood-pressure — ^besides  containing 
a  depressor  substance — and  that  this  substance  when  applied  to 
mucous  membranes  caused  blanching,  as  is  the  case  when  a  solu- 
tion of  adrenalin  is  applied.  They  also  noted  that  in  small 
mammals  it  caused,  in  toxic  doses,  paralytic  symptoms  which 
they  also  consider  analogous  to  those  caused  by  adrenal  extracts. 
According  to  Jas.   Barr,*®^  pituitary  extract  actively  produces 


*<»Thaon:     L'hTpophyse,    p.    99,    1907. 

><^  Crowe,   Cushing,  and   Homans:     Bulletin  of  the  Johns  Hopkins  Hospital, 
May,  1910. 

><>^  Mairet  and  Hose:     Arch,  dc  physiol.,  p.  600,  1S96. 

*<*Schftfer  and  Swale  Vincent:     Jour,  of  Physiol.,  p.  87,  vol.  xxv,  1899. 

lorparr:     Lancet,   Nov.   13,   1899. 
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arterioeclerosisy  and  it  is  also  known  to  produce  glycosuria.  In 
other  words,  it  awakens  all  the  typical  phenomena,  physiological 
and  pathological,  to  which  the  adrenal  product  gives  rise. 

The  marked  advantage  of  pituitary — owing,  doubtless,  to  the 
fact  that  it  is  bound  up  in  organic  combination  with  other 
components  of  the  organ — is  that  it  sustains  the  rise  of  blood- 
pressure  and  is  reliable  in  shock  and  other  emergency  cases. 
It  seems  also  to  sustain  the  temperature  and  the  muscular  tone, 
cardiac,  vascular,  intestinal,  and  uterine,  longer  than  the  adrenal 
active  principle.  It  possesses  also  a  great  practical  advantage 
over  adrenalin  and  other  adrenal  principles-  in  that  it  can  be 
administered  by  the  mouth  without  compromising  its  effects. 
Moreover,  pituitary  preparations  have  seemed  to  me  clinically 
to  produce  the  pharmacodynamic  effects  of  both  the  cortex  and 
of  the  medulla  of  the  adrenals. 

The  pituitary  is  now  granted  four  internal  secretions:  one 
each  to  the  anterior  and  posterior  lobe,  one  to  the  infundibulum, 
and  one  to  the  organ  as  a  whole.  All  of  these  are  more  or  less 
used  in  practice,  particularly  the  anterior  lobe,  in  3  to  5  grain 
(0.2  to  0.33  Qm.)  doses,  ti.d,,  in  deficient  growth  and  adipositas, 
infantilism,  mental  backwardness,  deficient  sexual  development 
and  asthma;  the  whole  gland  in  3  to  5  grains  (0.2  to  0.33  Gm.), 
t.i.d.,  in  all  of  the  foregoing  disorders^  and  general  asthenia, 
neuralgia,  tachycardia^  due  to  low  blood  tension  and  other 
cardiac  conditions  referred  to  below,  and  particularly  the  pos- 
terior lobe,  now  recognized  by  the  TJ.  S.  P.  (1916)  as  the 
hypophysis  sicca,  the  dose  of  which  is  i/^  grain  (0.033  Gm.), 
used  mainly  in  the  disorders  described  below.  Another  official 
preparation  is  the  liquor  hypophysis,  a  liquid  preparation  of  tlie 
posterior  lobe,  the  dose  of  which  is  5  to  15  minims  (0.3  to  1  c.c), 
used  mainly  in  obstetrics  and  surgery,  as  we  shall  see. 

A  new  product,  tethelin,  has  been  isolated  by  T.  B. 
Robertson,^  •'**  but  it  is  not  as  yet  available  on  Uie  market. 

Cardiac  Disobders. — As  shown  by  Rcnon  and  Delille,^^'** 
pituitary  gland  raises  the  depressed  arterial  tension  and  corrects 
purely  functional  disorders  of  rhythm. 

It  is  recommended  in  doses  ranging  from  3  to  G  grains  (0.2 

»**  Robertson:     Endocrinology.  Jan.,  1917. 

****"  R^non    and    DeHIle:     Soc.    de   Th6rap.,    Jan.    22   and   April   23,    1907,    and 
Congrte  de  MMecine  de  Paris,  Oct,  1907. 
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to  0.4  Gm.)  of  the  whole  gland^  in  myocardial  weakness^  par- 
ticularly in  that  due  to  infections  when  the  blood-pressure  is 
receding,  the  pulse  is  becoming  more  rapid/ and  the  urine 
scanty.  While  less  active  than  digitalis  as  a  diuretic,  it  never- 
theless eerves  a  valuable  purpose  in  this  connection.  It  is 
advantageous  in  mitral  disorders  when  there  is  hyposystole  and 
in  chronic  myocarditis,  particularly  that  due  to  alcoholism.  It 
is  alifo  useful  in  the  tachycardia  of  certain  neuroses  and  during 
menopause.  These  results  have  been  confirmed  by  Trerotoli,*** 
Parisot,"®  and  others. 

It  is  contraindicated  in  aortic  affections  in  any  disorder  in 
which  high  vascular  tension  prevails,  and  where  there  is  a 
tendency  to  anginal  pains,  which  it  tends  greatly  to  aggravate. 

Pituitary  gland  is  preferred  to  adrenal  and  particularly 
adrenalin,  as  stated  above,  when  the  action  is  to  be  sustained,  the 
former  being  useful  in  urgent  cases.  Benon  and  Delille,  how- 
ever, prefer  digitalis,  and  recommend  pituitary  gland  only  when 
the  latter  fails.  Leonard  Williams,*"  on  the  other  hand,  deems 
it  superior  to  digitalis,  strophanthus,  strychnine,  and  other 
classic  tonics  in  what  he  terms  the  '^runaway  heart  of  toxic 
states,"  influenza,  pneumonia,  bronchitis,  etc.,  with  tachycardia, 
but  low  blood-pressure,  and  in  all  cases  in  which  there  is  post^ 
toxic  cardiac  debility.  In  these  cases — ^which,  from  my  view- 
point, are  instances  of  pure  hypoadrenia — ^Williams  regards 
pituitary  preparations  superior  to  any  remedy  at  our  command. 

In  heart-failure  and  shock,  it  has  been  highly  recommended 
by  Mummery  and  Lymes  and  Bell  and  Wray,  15  minims  (0.92 
C.C.)  of  tlie  extract  being  injected  intramuscularly. 

R.  A.  Bate,^"*  after  using  the  liquor* hypophysis  in  over  100 
cases  of  cardiovascular,  and  metabolic  atony  and  deficient  defen- 
sive activity  regards  pituitary  as  the  most  effective  therapeutic 
agent  at  our  disposal  in  endocrine  therapy. 

Obstetrics. — Dale"'  found  experimentally  that  extract  of 
pituitary  caused  "direct  stimulation  of  involuntary  muscle  with- 
out any  relation  to  innervation.^^  Prohlich  and  Frankl-Hoch- 
wart"'  then  ascertained  that  it  caused  contractions  of  the  preg- 

"•Trerotoli:    Rivlsta  critica  di  clinica  med.,  Nos.  32  and  33,  1907. 

^^  Parisot:    Preseion  arterieUe  et  glandee  ft  secretion  Interne,  Paris,  1906. 

u^  Williams:    Clinical  Journal.  May  18.  1910. 

i">  Bate:    Louisville  Mthly.  Jour,  of  Med.  and  Surg..  Sept,  1915. 

^"  Dale:  Biochemical  Journal,  1909. 

^FrOhlich  and  Frankl-Hochwart:    Wiener  kiln.  Wocb.,  No.  27,  1909. 
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nant  uterus  in  rabbits,  while  Foges  and  Hofstetter"*  resorted 
to  this  property  to  check  post-partum  and  other  uterine  haemor- 
rhages in  63  cases.  The  extract  proved  wortliless  by  tlie  moutli ; 
but  when  injected  intramuscularly,  marked  uterine  contraction 
appeared  within  five  minutes  and  lasted  a  long  while  in  most 
cases.  Voigts*^**  foimd  pituitrin  most  satisfactory  in  60  cases; 
1  c.c.  (15  minims)  sufficed.  Pouillot  and  Vaysgieres"***  give 
7l^  minims  intramuscularly  several  times  daily  in  all  adynamic 
or  hemorrhagic  conditions.  TrapP^***  recommends  it  in  placenta 
previa  of  the  marginal  type.  A  number  of  authors  have  recom- 
mended it  for  menorrhagia  and  metrorrhagia.  Pituitary  is 
useful,  in  fact,  in  all  forms  of  hemorrhage  of  the  genital  system. 

Norris"***  never  uses  pituitary  extract  without  exhausting 
his  abilities  in  obstetric  diagnosis.  He  considers  that  healthy 
multiparas  with  relaxed  birth  canals  offer  the  widest  and  safest 
fields.  For  inertia  in  the  early  stage  of  labor,  the  sleep  of 
morphine,  chloral,  or  scopolamine  is  preferred;  in  tlie  advanced 
stages  of  labor,  pituitary  extract,  he  says,  often  will  wisely 
keep  forceps  innocuous.  The  uterus,  after  the  tumultuous 
visitation  of  pituitary  extract,  usually  needs  the  steadying  hand 
of  ergot  Half  doses  are  more  often  to  be  employed  than  full 
doses. 

A  large  number  of  observers  have,  however,  brought  out 
some  dangerous  features.  Nagy"°  observed  that  it  decreased  the 
action  of  the  fetal  heart.  Spaeth"**  had  2  cases  of  death  in  the 
newborn  which  are  ascribable  to  this  cause.  Various  authors 
have  noted  tetanoid  spasm  of  the  uterus.  J.  Clifton  Edgar"*^** 
states  that  both  small  and  large  doses  have  caused,  through  this 
defect,  fatal  compression  of  the  fetus,  premature  separation  of 
the  placenta,  and  deep  rupture  of  the  cervix,  his  experience  be- 
ing based  on  HO  cases.  In  39  of  these  in  the  first  and  second 
stages  there  were  2  and  probably  4  still-births,  and  3  instances  of 
deep    laceration    requiring    sutures    to    control    the    bleeding. 

"«  Foges  and  Hofstetter:    Zeitschr.  ftlr  Oynftk.,  No.  12.  ISIO. 

"*•  Volgts:     Deut.  med.  Woch.,  Dec.  7,  1911. 

lub  poaillot  and  Vayssi^res:     Presse  m6dicale.  No.  4.  1913. 

"*<Trapl:     Monats.  chr.  f.  GeburUh.  u.  Oyn&k..  Oct.,  1912. 

"♦«>  Norria:     Amer.  Jour,  of  Obstetrics.  May,  1915. 

i«Nagy:    Zentralbl.  fUr  Gynecol.,  March  9,  1912. 

'"•Spaeth-.    Ibid.,  Feb.  1,  1913. 

"»  Edgar:    New  York  Med.  Jour.,  p.  150.  July  19,  1913. 
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Several  ioBtanoes  of  rupture  of  the  uterus  under  tbe  use  of 
pituitrin  have  also  been  reported.    DeLee*^^  no  longer  uses  it 

Ott  and  Scott' ^*  found  infundibulin,  i.e.,  extract  of  the 
posterior  lobe,  to  act  as  a  powerful  galactagogue  in  the  goat.  So 
far,  however,  it  has  not  been  tried  in  women. 

Ikfectious  Diseases. — In  this  general  dass  of  disorders 
tlie  use  of  pituitary  acts,  from  my  viewpoint,  and  in  keeping 
with  the  effects  of  adrenal  preparations,  by  enhancing  the 
immunizing  activity  of  the  blood  and  the  tone  of  the  cardio-vas- 
eular  system  when  it  is  depressed. 

K^non  and  Delille'^^  found  that  in  tyj^oid  fever  it  raised 
the  blood-pressure,  slowed  the  pulse,  increased  diuresis,  and 
improved  the  patients  in  general,  hastening  convalescence 
noticeably.  In  diphtheria,  in  which  the  toxin  reduces  the 
vascular  tension  and  promotes  cardiac  complications^  it  low- 
ered tiie  pulse-rate,  raised  tlie  blood-pressure,  and  increased 
diuresis.  In  erysipelas  it  seemed  to  hasten  the  favorable  evo- 
lution of  the  disease.  In  pneumonia  it  raised  the  blood-preft- 
sure  when  this  became  low,  but  without  influencing  favorably 
the  evolution  of  the  disease.  In  bronchopneumonia,  however, 
the  (^posite  proved  to  be  the  case,  considerable  benefit  being 
noted.  Influenza  was  found  to  be  very  favorably  influenced, 
rapid  recovery  resulting  in  patients  aged,  respectively,  80  and 
()3  years.  This  was  confirmed  by  Azam,"**  in  the  infectious 
fonn.  Kenon  and  Azam  enumerate  the  phenomena  which,  in 
infcH'tious  diseases,  indicate  the  need  of  pituitar}':  1,  a  fall 
of  the  arterial  tension;  2,  quickening  of  tlie  pulse  and,  as  com- 
plementary minor  phenomena,  insomnia,  anorexia,  abnormal 
sweating:,  and  heat  flushes.  Under  the  influence  of  pituitary 
there  occur:  1,  increase  of  arterial  tension;  2,  slowing  of  the 
pulse,  with  increase  of  power  and  amplitude;  3,  increased  diu- 
resis; 4,  increase  in  weight;  5,  hastening  of  convalescence. 

In  several  cases  of  tuberculosis  treated  by  Renon  and 
Delille,  the  results  were  not,  on  the  whole,  encouraging.  In 
a  case  of  Addison's  disease  complicating  tuberculosis,  however, 
there  was  a  notable  rise  of  the  blood-pressure  and  diminution 


i*'^'*  De  Lee:    TYans.  A.  M.  A. ;  Med.  Recr,  June  22,  1918. 
1'*  ott  and  Scott:     Monthly  Cyclopedia  and  Medical  Bulletin,  Nov.,  1910. 
117  R6non    and    Delille:      Bull.    g6n.    de   Th6rap.,    Feb.    8,    1907,    and    Delille: 
Lor.  cit. 

lu  Azam:    Jour,  de  m6d.  et  de  cbir.  pratlquee;  Practitioner,  March,  1908. 
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off  ilie  arthpnia,  Tierotoli  had  already  notoil  tho  bonotloiAl 
effecta  of  pitnitair  body  in  AddisonV  dinoast* — n  fnct  M'liioh 
fnrtlier  auggests  that  the  active  agent  of  pituitarv  suhtitanoo 
to  its  adrenal  component. 

'  ACBOMEQALY. — ^The  possible  value  of  pituitary  oxtraot^ 
in  acnHn^aly,  a  disease  of  the  pituitary  bodv,  Iuih  uaturallv 
raggeated  itself^  but,  although  a  few  of  tbo  HVinptoinM,  tho 
headache,  lethargy,  and  amnesia*  wore  roIioviMl  ii\  soni(\  no 
curea  were  obtained.  This  subject  has  alroady  Ihhmi  rofornHl  to 
«  page  607. 

Analysis  of  the  cases  reported  as  boiu^fitvd  sti^^ift'Htrt  an 
explanation  of  its  mode  of  action,  however,  ono  quito  apart 
fnmi  any  functional  relationship  with  tlio  orpin  as  tho  sourrt 
of  an  internal  secretion,  but  entirely  in  ktvpin^  with  tho  pn*s- 
enoe  in  the  pituitary  preparation  of  adroiial  setTetion  in  or- 
ganic eombination.  Marineseo^'*  obHorvotI  that  it  wan  tho 
extremely  violent  headaches  that  wore  relieved,  tliore  hi»in^ 
no  benefit  othen^-ise  exceptinf^  perliaps  inereased  <liurosis. 
Knh,***  obtaining  no  favorable  result,  with<ln»w  the  reniedv, 
bat  the  patient  begged  to  be  given  the  ])ow(lers  apiii\.  havin^r 
fonnd  his  headache  much  more  intense  whei\  lie  faih'd  to  take 
them.  The  same  observation  had  be«n  reeordotl  hv  ('von,*-* 
the  patient,  an  obese  chihl  of  12  years,  having  hcsiih's  h>st 
twenty  pounds  in  weight.  What  benefit  was  ohtained  in  1 
case  out  of  7  cases  treated  hv   Kinnientt*^'-  was  also  limited 

• 

to  the  headache  and  neuralgia.  Tjc^szynsky,*-'*  after  a  prolonged 
trial  in  2  cases,  wrote:  ** While  some  puhlisluMl  reports  as  to 
the  efficacy  of  the  preparations  of  the  sheep's  gland  have 
seemed  quite  encouraging  in  so  far  as  tho  relief  of  headadie 
and  of  parsesthesia  of  the  hands  is  concerned,  it  is  the  gen- 
eral consensus  of  opinion  that  it  in  no  way  intluenees  the 
progress  of  this  disease.^' 

Still,  the  relief  of  the  headache  and  para\'?thesiie  indicate 
some  potent  action.  Tiiis  is  accounted  for  if  the  adrenal  prin- 
ciple is  considered  as  the  active  agent  of  pituitary  ]>repara- 
tions,  since,  as  Langley  has  shown,  it  is  principally  uj)on  the 

u*]iartnesco:     Semaine  M«dloa1e.   Not.  13,  1895. 
i^Kuh:    Jour.  Amer.  Med.  Aaaoc..  Feb.   1.  1902. 
^Cjon:     Procrte  Medical,   Not.   26.   1898. 
»Kinnicutt:    London  Lancet.  toI.  U,  p.  173.  1896. 
^•Lettynaky:    Madieal  Record,  June  80.  190C 
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arterioles  that  the  adrenal  priBciple  acts,  a  view  which  has 
now  heeome  classic.  Such  being  the  case,  the  tumor  of  the 
pituitary,  or  the  compressed  tissues  around  it,  receive  less 
blood  through  their  constricted  arterioles,  and  the  sensory  ter- 
minals of  the  peripheral  likewise.  The  resulting  ischsemia  of 
these  tissues  thus  accounts  for  the  diminution  of  pain — as  long 
only  as  the  remedy  is  administered. 

Exophthalmic  Goiter. — R6non  and  Delille"*  obtained 
considerable  improvement  in  this  disease  by  the  use  of  pituitary 
gland.  From  the  fourth  to  the  fifth  day,  the  sleeplessness, 
tremor,  digestive  disturbance,  sweating,  and  sensation  of  heat  were 
considerably  lessened.  The  tachycardia  improved  less  rapidly, 
the  pulse  becoming  slower  gradually  and  attaining  its  slowest 
rate  toward  the  fifteenth  day.  The  arterial  tension  also  rises 
steadily,  attaining  the  maximum  toward  the  third  week,  fall- 
ing again  somewhat,  but  not  to  the  former  low  level.  Some 
diminution  of 'the  exophthalmus  occurred,  but  the  goiter  was 
not  reduced.  The  dose  administered  was  4^^  grains  (0.30  Gm.) 
of  the  whole  pituitary  (ox)  gland  daily,  a  dose  which  they 
deem  advisable  to  increase  to  7^4  grains  (0.50  Gm.)  in  divided 
doses  daily.  The  symptoms  tend  to  return,  however,  on  dis- 
continuing the  remedy.  Cases  subsequently  treated  were  also 
benefited,  but  no  cures  were  effected. 

This  mode  of  action,  from  my  viewpoint,  corresponds 
precisely  with  that  referred  to  under  the  preceding  heading. 
We  have  seen  in  the  fifth  chapter  that  the  main  pathological 
condition,  that  to  which  all  the  prominent  symptoms  of  ex- 
ophthalmic goiter  were  due,  was  a  general  dilatation  of  the  arte- 
rioles. Pituitary  extracts  causing  constriction  of  these  vessels 
as  long  as  it  is  administered,  it  offsets  for  the  time  the  morbid 
phenomena  enumerated.  That  such  is  actually  the  case  was 
demonstrated  by  llallion  and  Carrion,*"  who  found,  experi- 
mentally, that  pituitary  extracts  "always  produced  their  effects 
by  raising  the  arterial  tension,"  producing  at  the  same  time 
"an  intense  vasoconstrictor  action  upon  the  thyroid  body." 
Briefly,  we  have  here  precisely  the  physiological  action  neces- 
sary, the  vasoconstrictor  power  of  the  adrenal  component  of 


i*«R6non   and  Delille:     Soc.   Oc8th6rap.,   March  13»   1907. 
i«HaIlion  and  Carrion:     JMd. 
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the  pituitary  gland  superseding  the  vasodilator  action  of  the 
thyroid,  the  underlying  cause  of  tlie  disease. 

Nervous  and  Mental  Diseases  and  Myopathies. — 
R^non  and  Delille  used  pituitary  in  10  neurasthenics  in  whom 
tachycardia,  irregular  vascular  tension,  often  below  normal,  a 
sensation  of  oppression,  myasthenia,  insomnia,  and  anorexia 
were  present.  In  these  cases,  3  to  5  grains  (0.2  to  0.3  Gm.) 
daily  proved  remarkably  useful,  though  no  complete  recovery 
was  noted. 

Delille  and  Vincent"*  obtained  a  complete  recovery  in  a 
grave  case  of  bulbo-spinal  myasthenia  by  the  simultaneous  use  . 
of  pituitary  and  ovarian  extracts.  Parhon  and  Urechia  and 
L^pold-I^vi  and  de  Rothschild"^  had  also  obtained  favorable 
results  with  pituitary  in  similar  cases.  Browning"*  observed 
good  effects  in  cases  of  chorea  in  which  this  disorder  oc- 
curred in  conjunction  with  stunted  growth,  as  shown  under 
the  next  heading. 

In  epilepsy,  it  was  tried  by  Mairet  and  Bosc,"*  but  only 
served  to  increase  the  number  of  attacks — a  result  to  be  expected, 
since  Spitzka  has  shown  that  these  were  due  to  abnormal  eleva- 
tion of  the  blood-pressure.  In  some  instances  it  provoked 
delirium. 

Sollier  and  Chartier"®  tried  pituitary  in  mental  disorders 
and  found  it  useful  in  depressive  states.  It  raised  the  blood- 
pressure,  reduced  the  pulse,  suppressed  profuse  sweating,  and 
improved  the  asthenia.  The  synthesis  of  perceptions  and  the 
association  of  ideas  were  improved,  and  mental  operations  were 
incited  more  promptly. 

Stunted  Gkowtii  and  Imbecility. — In  the  case  of  a  child 
of  3  years,  which  had  shown  the  evidences  of  hypothyroidia  with 
idiocy  sufficiently  to  suggest  the  use  of  thyroid,  I^eopold-Levi 
and  de  Rothschild  found  this  agent  useless.  The  case  being 
attended  with  marked  myasthenia,  they  administered  pituitary 
extract  IV2  grains  (0.1  Om.)  twice  daily,  whicli  corresponded 
with  7Vj  grains  (0.5  Om.)  of  the  fresh  gland.  Marked  signs 
of  improvement  appeared  within  a  few  days.    The  intelligence 

»"  Delille  and  Vincent:     8oc.  de  Neurol..  Feb.  7,  1907. 

*^  L6opold-L«vl  and  de  Rothschild:     IMd. 

>•  Browning:     New  York  State  Journal  of  Medicine,  Sept.,  1909. 

**•  Mairet  and  Bosc:     Arch,  de  Physiol.,  p.  600,  1896. 

^Sollier  and   Chattier:     CongrH  de   Dljou,   Aug.,  1908. 


774  PrrUITART  ORQANOTHERAPT.         PARlStfl. 

developed  to  a  remaricable  degree,  and  soon  readied  that  of  a 
child  of  a  corresponding  age,  3  years,  thoo^  before  the  treat- 
meut  it  did  not  exceed  that  of  a  7  or  8^  months'  infant.  Two 
similar  cases,  one  of  which  showed  symptoms  of  Little's  disease, 
were  similarly  benefited. 

Browning^*^  used  pitoitary  only  in  undersized  or  backward 
children  and  youths  with  marked  success.  The  reader  is  re- 
ferred to  the  fifth  and  sixth/  chapters,  in  whidi  these  disorders 
are  treated  in  full. 

Intestinal  Pabesis. — Bell  and  Hicks^'*  have  found  pitoi- 
tary extract  of  value  in,  paralytic  gaseous  distention  of  the  in- 
testines. It  never  failed  either  in  post-operative  or  other  paresis 
if  given  intramusculariy,  when  the  intestine  b^ins  to  distend, 
in  15-minim  (0.92  c.c.)  doses,  repeated  in  an  hour,  if  required. 
The  effect  is  then  sustained  by  daily  doses  if  need  be.  Kir- 
nusson^**  obtained  good  results  where  intestinal  paresis  following 
operations  for  acute  appendicitis,  a  stool  sometimes  following  in 
15  minutes.  Davis  and  Owens^'**  also  foimd  that,  used  after 
the  operation,  it  prevented  postoperative  nausea  and  vomiting. 

According  to  E.  H.  King***  by-effects  of  pituitary  extract 
are:  rise  of  blood-pressure,  dyspnea,  air  hunger,  and  pallor; 
but  these  are  transitory,  and  are  negligible  when  contrasted  with 
the  lasting  benefit  secured  in  the  majority  of  instances.  Vomit- 
ing may  be  expected,  and  be  welcomed,  if  the  stomach  contains 
intestinal  contents;  for  in  intestinal  paresis  the  upper,  rather 
tlian  the  lower,  alimentary  tract  functions  inadequately  as 
tlie  vent  Pituitary  extract  is  injected,  under  aseptic  precau- 
tions, into  a  vein — ^usually  one  near  the  elbow,  though  in  fat 
persons  a  vein  on  the  back  of  the  hand  is  more  available.  In  a 
given  case  of  intestinal  paresis,  it  affords  an  additional  means  of 
emptying  the  bowel,  which  is  peculiarly  applicable  and  trans- 
cends in  eflSciency  any  previously  known.  In  uncomplicated 
postoperative  cases  its  action  is  promptly  curative,  and  it  is 
possibly  curative  of  functional,  actual  obstruction.  Pituitary 
extract  should  be  given  very  carefully  when  the  heart  rate  is 
unusually  high,  140  or  more,  when  there  is  marked  intermittence 

>»  Browning:    Loc.  cit. 

i»  Bell  and  HickB:     British  Medical  Journal.  March  27.  1909. 

i»KirmiB8on:     Bull,  de  I'Acad.  de  MM..  Jan.  29.  1918. 

issa  Davis  and  Owens:    New  Orleans  Med.  and  Surg.  Jour..  Ixx,  p.  712,  1918. 

^  King:    Med.  Record.  June  30.  1914. 
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of  the  hearty  or  in  cardiac  decompensation.  In  angina  pectoris^ 
on  account  of  the  vasoconstriction  produced  by  it^  this  agent  is 
probably  absolutely  contraindicated. 

Arthritis. — B.  11.  Whitbeck*"  describes  13  cases  of  rheu- 
matic arthritis  treated  by  the  daily  intramuscular  injection  of  a 
1  per  cent,  solution  of  pituitary  extract;  only  2  failed  to  im- 
prove. Relief  of  pain,  joint-fluid  absorption,  and  increased 
activity  were  noted  rather  early  in  the  treatment.  General 
•improvement  and  equalization  of  the  pulse-  and  blood-  pressure 
were  also  noticeable. 

M.  S.  Macy"*  obtained  good  results  in  3  consecutive  cases 
of  gonorrheal  arthritis.  All  3  had  been  under  autogenous 
vaccines,  as  well  as  local  antiseptic  treatment  for  the  infection 
of  the  genitourinary  tract;  but  tlie  arthritis,  of  some  months^ 
standing,  had  been  very  slightly,  if  at  all,  benefited.  The  treat- 
ment consisted  in  ionizing  into  the  affected  joints,  by  the  high- 
frequency  spark,  of  pituitary  gland  substance  (in  the  form  of 
tablets)  triturated  to  a  powder.  Usually,  1  grain  of  the 
powder  was  employed  at  each  treatment,  but  in  one  of  the  pa- 
tients this  was  increased  to  2  grains. 

lUcniTis. — R.  Klotz*'^  tried  pituitary  with  calcium  car- 
bonate in  5  infants,  from  1  to  2  years  of  age,  some  of  whom 
had  received  no  benefit  from  the  usual  remedies.  Although  all 
5  cases  were  severe,  in  two  weeks  all  were  able,  for  the  first 
time,  to  stand  upright  and  walk.  Previously  wasted  from 
diarrhea,  the  children  increased  in  weight  and  strength. 

Asthma. — We  have  seen  that. adrenalin  is  used  with  benefit 
in  the  treatment  of  asthmatic  paroxysms;  imfortunately  the 
arrest  of  suffering  is  ephemeral.  Pituitary  gland  has  been  found 
e(iiially  effective  and  more  lasting  in  its  effects.  Moreover,  it 
may  be  administered  orally  and  the  paroxysms  thus  prevented. 
Suggestive  in  this  connection,  in  so  far  as  my  own  view  that  the 
effects  are  mainlv  due  to  the  adrenal  extractives  it  contains,  is 
the  observation  of  Reiss"'  that  the  first  injection  in  his  cases 
gave  all  the  by-effects  of  adrenalin.  Crookshank"*  treated  20 
cases  of  bronchial  asthma,  giving  2-grain  tablets  of  pituitary 

**Whltbeck:     Am.  Jour,  of  Orthopedic  Surg-.  Jan.,  1915. 

i^Mary:     Med.  Record,  June  19.  1915. 

1"  KloU:     MQnch.  med.  Woch..  May  21.  1912. 

>«•  RelM:     Berliner  klin.  Woctaenscta..  July  19.  1915. 

>«  Crookshank:    London  Lancet,  March  14,  1914. 
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substance.  The  attacks  became  comparatively  mild.  In  2  of 
the  cases  the  use  of  antispasmodics — stramonium,  etc. — were 
rendered  unnecessary.  F.  C.  Warfel"*  also  obtained  **very 
marked  improvement  in  the  distressing  train  of  symptoms  in 
forty-eight  hours/'  by  means  of  2V^-grain  tablets  of  the  anterior 
lobe. 

Hemoptysis. — This  distressing  condition,  so  often  rebel- 
lious to  classic  methods,  was  found  amenable  to  treatment  by 
means  of  extract  of  the  posterior  lobe  by  Rist"^  when  injected 
intravenously.    The  results  in  20  cases,  ranging  from  the  stage 
of  consolidation  to  that  of  cavities,  and  including  1  case  of 
pulmonary  cancer  and  of  pulmonary  infarct,  were  instantaneous 
as  to  arrest  of  tlie  hemorrhage,  excepting  in  1  case  in  which  the 
patient  failed  to  subject  himself  to  rest  and  quiet.    Recurrence 
having  occurred  in  several  instances,  the  second  injection  proved 
as  efficient  as  the  first.    In  only  one  instance  did  a  third  injec- 
tion become  necessary.     Konikow^*'  refers  to  a  case,  in  which 
he  injected  15  minims  of  pituitary  liquid  hypodermically,  as 
"magical."    Recurrence  was  also  followed  by  arrest  of  the  flow 
by  the  same  measure. 

OVARIAN   ORGANOTHERAPY. 

The  fact  that  destruction  or  absence  of  the  ovaries  caused 
girls  to  grow  without  the  general  physical  attributes  of  the 
female  sex  led  Brown-Sequard  to  consider  these  organs  as  the 
source  of  an  internal  secretion.  This  view  has  been  upheld 
by  many  ob8er\'er8  who  found  that  ovaries  transplanted  in  the 
abdominal  cavity,  i.e.,  elsewhere  than  in  their  normal  location, 
restored  to  the  otlier  genital  organs  the  power  to  develop  and 
carry  on  their  physiological  functions. 

Summarizing  tlie  labors  of  Fraenkel,  Loeb  and  Novak,  E. 
T.  Hermann*"*  concludes  that  tlie  ovarian  corpus  luteimi  gup- 
plies  a  sensitizing  substance  to  the  uterine  mucosa  which  enables 
it  to  form  the  placenta.  It  aids  fixation  of  the  embryo,  is 
essential  for  its  development,  initiates  menstruation  and  acti- 
vates development  of  the  mammary  gland  and  lactation.  Its 
presence  or  absence  determines  menstrual  activity. 

^«oWarfel:    Indianapolis  Med.  Jour.,  July.  1915. 
i«>  Rial:     Bcho  MMIcal  du  Nord.  Na  903.  1914. 
>«'Konikow:     Doaton  Med.  and  Surg.  Jour.,  Sept.  80,  1915. 
i4Mm  Hermann:     Minn.  M6d.  Jour..  May,  1918. 
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The  preparation  in  general  use  is  the  desiccated  gland^ 
which  may  be  given  in  doses  of  5  to  10  grains  (0.33  to  0.66 
Gm.)  twice  daily.  The  fresh  organ  may  be  employed  in  10-  to' 
15-  grain  (0.6  to  1  Gm.)  doses  where  the  pharmaceutical 
product  is  not  available.  It  soon  loses  its  effect;  small  doses 
should  first  be  given,  then  gradually  increased. 

Ovarian  preparations  have  been  tried  in  many  disorders, 
but  it  is  mainly  in  connection  with  those  of  the  genital  apparatus 
that  they  have  been  found  of  actual  value. 

Natural  and  Artificial  Menopause. — ^In  disorders  oc- 
curring in  the  course  of  the  physiological  menopause,  or  when 
the  latter  is  produced  by  bilateral  oophorectomy,  ovarian  prep- 
arations have  proven  of  considerable  value  in  a  large  proportion 
of  cases  since  Brown-Sequard  first  introduced  their  use.  Experi- 
ence has  shown,  however,  that  tlie  improvement  lasts  only  as 
long  as  the  agent  is  administered,  and  that,  furthermore,  certain 
phenomena — the  palpitation,  trembling,  and  ^^nervousness" — dis- 
appear earlier  than  the  others,  i,e,,  the  asthenia,  flushes,  irrita- 
bility, and  psychoses,  though  effects  in  all  symptoms,  including 
the  cutaneous  disorders, — especially  acne  rosacea  and  eczema, — 
are  promptly  realized,  sometimes  as  early  as  the  fourth  day. 

These  effects  are  normally  explained  by  the  influence  of 
the  remedy  on  general  oxidation  and  tlie  improvement  of  the 
antitoxic  functions  of  the  blood,  tlie  imperfect  hydrolysis  of 
tissue  wastes  being  the  underlying  cause  of  the  phenomena  other 
than  the  general  asthenia. 

The  best  results  are  obtained  in  young  women  who  have 
grown  obese  after  removal  of  the  ovaries,  or  in  whom  obesity  is 
due  to  ovarian  insufficiency.  In  physiological  menopause  they 
are  le?8  marked,  as  a  rule,  and  sometimes  fail  altogetlier  to 
appear.  In  such  instances,  good  results  may  sometimes  be 
obtained  by  giving  simultaneously  1  grain  (0.06G  Gm.)  desic- 
cated thyroid,  or  by  depending  upon  the  latter  remedy  alone.  In 
congenital  ovarian  insufficiency,  desiccated  ovary  has  caused  the 
appearance  of  menstruation. 

Of  late,  however,  the  general  attention  has  been  centered 
upon  the  therapeutic  use  of  corpus  luteum,  which  often  affords 
benefit  where  ovary  alone  fails. 

The  mode  of  action  of  ovarian  preparations  is  suggested  by 
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the  personal  view  submitted  on  page  479^  concerning  the  gen- 
eral effects  of  the  ovaries  attributed  to  an  internal  secretion. 
This  is  that  we  are  not  dealing  with  a  true  secretion,  but  with 
the  products  of  the  adrenal  rests  in  the  organ,  and  particularly 
the  corpora  lutea.  The  chemical  properties,  tests,  physiological 
effects,  etc.,  were  shown  to  correspond  precisely;  the  cellular 
elements  also  showed  the  characteristic  features  of  the  adrenal 
cortex,  that  the  kinship  had  been  noted  by  Mulon  and  others. 

An  important  fact  which  should  not  be  overlooked,  however, 
is  that  the  active  agent  occurs  in  organic  combination  with 
other  bodies.  Hence  the  fact  that^  although  investigations 
having  for  their  purpose  to  isolate  the  active  constituent  of 
the  corpus  luteum  have  been  numerous,  they  proved  successful 
only  in  a  relative  degree.  Iscovcsco,^^*  of  Paris,  has  extracted 
from  the  corpus  luteum  as  well  as  the  entire  ovary  a  number 
of  lipoid  substances,  one  of  which,  a  yellowish,  waxlike  body, 
soluble  in  oil,  was  found  to  exert  a  pronounced  stimulating 
action  upon  the  genital  system,  injections  into  young  female 
rabbits  causing  a  striking  enlargement  of  the  ovaries  and 
uterus  to  several  times  the  size  noted  in  control  animals.  He 
l)elieves  the  lipoids  isolated  by  him  to  represent  the  active  in- 
ternal secretion  of  the  ovary,  and  produces  evidence  to  the  effect 
that  the  most  active  of  the  lipoids  exists  both  in  the  corpus 
luteum  and  in  the  remaining  tissue  of  the  ovary.  Some  inves- 
tigators, on  the  other  hand,  cling  to  the  older  view  that  the 
active  ovarian  principle  is  a  protein  substance  occurring  in  con- 
junction with  a  lipoid  or  lipoids.  Herrmann,^**  in  a  recent  re- 
search, obtained  from  the  corpus  luteum,  as  well  as  from  the 
placenta,  a  thick  yellow  oil,  which  turns  brown  upon  oxidation 
in  the  air  and  powerfully  excites  the  growth  of  the  reproductive 
organs.  In  common  with  Frank  and  Rosenbloom,^**  he  believes 
that  tlie  active  substance  is  not  a  lipoid,  but  is  simply  carried 
along  with  the  lipoids  when  these  are  extracted  from  the  luteal 
tissue  as  a  whole.  No  preparation  of  an  active  principle  of 
the  corpus  luteum  is  as  yet  available  for  therapeutic  use,  unless 
the  lipoid  preparations  of  Iscoveseo,  already  used  by  him  with 
satisfactory  results  in  clinical  work,  are  to  be  considered  such. 

i«*  Iscoveeco:    Reyue  de  Gynecol,  et  de  Chir.  Abdom.,  toI.  zzii.  p.  161,  1914. 

i*«  Herrmann:     MonaUhefte  f.  GeburU.  u.  Gynek.,  Jan..  1916. 

»*»  Prank  and  Rosenbloom:    Surgery,  Gynec.  and  Obst,  Nov.,  1915. 
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CX)RPUS  LUTEUM    ORGANOTHERAPY. 

Menstrual  Disorders;  Menopause;  OopnoRBCTOMY. — 
Corpus  luteum  tlierapy  has  been  applied  chiefly*  in  disturbances 
of  menstruation  and  for  the  removal  of  the  symptoms  of  the 
menopause^  physiological  or  artificial,  such  as  hot  flashes,  spells 
of  psychoneurotic  manifestations,  digestive  difficulties,  vesical 
irritation,  etc.  The  best  results  have  been  obtained  in  the 
climacteric  group  of  cases.  Marked,  though  not  always  com- 
plete, relief  is  usually  experienced  by  these  patients,  the  use  of 
the  remedy  for  an  indefinite  period  being,  however,  necessary  if 
permanency  of  result  is  to  be  secured.  Dannreutlier"*  has 
reported  2  cases  of  pruritus  vulva?  associated  with  the  menopause 
in  which  the  itching  was  relieved  with  striking  promptness  by 
corpus  luteum.  He  urges  routine  administration  of  the  drug  in 
all  cases  approaching  the  menopause  as  well  as  after  hysterec- 
tomy and  oophorectomy,  whether  partial  or  complete.  In  some 
cases  where  but  one  ovary  has  been  removed,  compensatory 
activity  by  the  other  proves  insufficient;  corpus  luteum  therapy 
under  these  conditions  is  likely  to  prove  beneficial. 

Menstrual  disturbances  amenable  to  corpus  luteum  include, 
in  particular,  functional  amenorrhea  and  dysmenorrhea  of 
ovarian  origin.  Among  patients  with  the  former  condition 
Dannreuther  lays  stress  on  the  slightly  obese,  anemic,  pale  type 
of  young  woman  who  begins,  soon  after  puberty,  to  complain  of 
headache,  malaise,  nervousness,  and  constipation,  together  with 
scanty  menstruation  and,  possibly,  acne  vulgaris.  In  such  pa- 
tients, by  combining  corpus  luteum  with  hygienic  treatment  and 
tonic  remedies,  marked  general  improvement  as  well  as  stimula- 
tion of  the  menstrual  flow  can  often  be  secured.  Leighton*** 
reports  excellent  results  from  the  use  of  corpus  luteum  in  a  cer- 
tain proportion  of  cases  of  dysmenorrhea,  in  particular  those 
showing  symptoms  of  ovarian  insufficiency,  such  as  irritability, 
malaise  depression,  headache,  and  scanty  menstruation,  with 
pain,  especially  on  the  first  day  of  the  period.  This  observer 
has  become  convinced  that  there  occur  cases  of  dvsmenorrhea  of 
which  the  chief  cause  is  deficient  action  of  the  natural  corpus 

>^  Dannreuther:    Jour.  Am.  Med.  Amoc.,  Jan.  S,  ISO, 
m  Leighton:    Akner.  Jour,  of  Otetet.  Not.,  1915. 
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luteum ;  the  striking  effect  of  the  remedy  in  these  patients  would 
thus  easily  be  accounted  for. 

Steriuty;  Infantilb  Grnerativb  Organs;   Habituai* 
Abortion;  Hypereicesis  op  Prbqnancy. — ^Additional   condi- 
tions in  which  corpus  luteum  has  proved  beneficial^  though  less 
consistently   than    in   the   disorders  alr^y   referred    to^    are 
sterility,  infantilism  of  the  reproductive  organs,  repeated  abor- 
tions,  and   hyperemesis   in   the  early   months  of   pregnancy. 
Sterility  is,  of  course,  influenced  only  in  the  absence  of  gonococ- 
cal or  other  infection  as  well  as  of  cervical  stenosis.    Elliott"* 
has  reported  the  case  of  a  married  woman  of  27  years,  masculine 
of  figure,  with  uterus  of  walnut  size  and  ovaries  impalpable, 
menstrual  show  only  tliree  or  four  times  during  life,  epistaxis, 
and   sexual   feeling   almost  absent,    in   which   corpus   luteum 
therapy,  coupled  with  uterine  massage,  was  followed  by  a  partial 
return  of  menstruation  and  by  pregnancy.    Dannreuther  found 
the  drug  of  similar  value  in  2  cases  of  repeated  abortion  of 
obscure  origin.    In  the  hyperemesis  of  pregnancy  corpus  luteum 
has  been  employed  by  a  number  of  observers  with  variable,  but 
often  distinctly  favorable  results.     J.  C.  Hirst"*  obtained  ex- 
cellent results  in  4  out  of  5  cases  and  deems  it  superior  to  any 
other  for  the  treatment  of  nausea  in  pregnancy. 

The  two  most  important  prerequisites  to  success  in  the  use 
of  this  drug  appear  to  be  (1)  the  selection  of  a  preparation 
made  exclusively  from  the  corpora  lutea  of  pregnant  animals  and 
(2)  due  attention  to  the  fact  that  the  actionj  of  the  drug  is  fre- 
quently slow  in  asserting  itself,  and  that  the  drug  should  be 
given  up  only  when  thorough  trial  has  demonstrated  its  lack  of 
efficiency. 

The  material  now  chiefly  employed  consists  of  the  dried 
corpora  lutea  of  cows  or  sows,  exhibited  in  tablets,  capsules,  or 
cachets  in  doses  of  5  to  10  grains  three  times  a  day.  The  dried 
substance  represents  usually  about  five  to  six  times  its  weight  of 
fresh  luteal  tissue.  Preparations  made  exclusively  with  the 
corpora  lutea  of  pregnant  animals  are  considered  the  most 
efficient.  A  preparation  termed  ^luetin,'*  now  on  the  market, 
is  administered  in  20-grain  doses  three  times  a  day. 

^Elliott:    Jour.  Am.  Med.  Assoc,  April  4.  1914. 
^^  Hirst:    Jour.  Am.  Med.  Assoc.,  Feb.  26,  1916. 


/ 


ORCHITIC   OROANOTHERAPT.  781 

ORCHITIC   OR   TESTICULAR   ORGANOTHERAPY. 

From  the  etandpoint  of  therapeutics,  testicular  prepara- 
tions can  hardly  be  regarded  as  of  more  than  historical  interest. 
The  influence  of  the  testicles  on  the  body  at  large  is  well  known. 
Castration  influences  the  development  of  the  organism  in  many 
particulars.  Eimuchs  preserve  to  a  certain  extent  the  char- 
acteristics of  infantilism,  the  skin  remaining  soft  and  white, 
tiieir  muscles  flabby  and  weak,  and  tlie  voice  high  pitched.  Yet 
they  are  usually  tall,  owing  to  inordinate  growth  of  the  bones. 
They  lack  courage,  initiative,  and  intelligence.  This  suggests, 
therefore,  that  the  testicles  do  not  carry  on  genital  functions 
only.  Brown-S^quard  taught  that  they  carried  on  a  dual  role : 
1st,  procreation;  2d,  the  production  of  an  internal  secretion 
which  stimulates  and  sustains  the  energy  of  the  nerve-centers 
and  cord,  and  capable,  moreover,  of  endowing  the  individual 
with  physical,  moral,  and  intellectual  characteristics  of  sex. 
His  own  physical  and  intellectual  activity  having  been  greatly 
improved  at  the  age  of  72  years,  by  injections  of  an  extract 
prepared  from  the  testes  of  young  dogs,  he  concluded  that  it 
possessed  marked  therapeutic  value.  No  one  who,  as  I  did,  saw 
Brown-Sequard  before  and  after  he  had  submitted  himself  to 
til  is  treatment  could  stretch  his  imagination  sufficiently  to 
attribute  tlie  change  in  his  appearance  to  auto-suggestion.  He 
literally  looked  twenty  years  younger. 

The  prevailing  opinion  is  that  the  beneficial  effects  obtained 
from  testicular  preparations  are  not  due  necessarily  to  an 
internal  secretion,  though  the  existence  of  such  is  not  denied, 
but  to  nucleo-albumins,  substances  that  are  rich  in  phosphorus, 
resembling  greatly  lecithins  and  glycerophosphates.  From  my 
viewpoint  (see  page  473),  they  are  mainly  due  to  extracts  of 
the  adrenal  rests  they  contain,  in  organic  combination  with 
nucleins. 

Dixon  states  that  a  constituent  of  orchitic  extract  is  un- 
altered by  boiling;  McCarthy  holds  that  it  increases  the  force 
and  regularity  of  the  heart  muscle  as  does  digitalis.  It  enhances 
the  resistance  to  disease,  increases  the  production  of  urea,  and 
also  acts  directly  upon  the  cardio-vascular  system.  Moreover, 
as  shown  by  Poehl — a  fact  which  indicates  that  it  is  not  specific 
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to  the  testis — it  is  a  ubiquitous  constituent  of  the  whole  organism^ 
in  the  female  as  well  as  the  male. 

Testicular  preparations^  including  spermin,  have  been  recom- 
moided  in  a  host  of  disorders^  particularly  tabes,  neurasthenia, 
melancholia,  impotence,  and  paralysis  agitans;  in  several  cuta- 
neous disorders,  eczema  and  psoriasis;  in  disorders  of  nutrition, 
gout,  obesity,  and  glycosuria;  but  others  again  have  failed  to 
obtain  any  favorable  results.     Spermin  has  also  been  recom- 
mended by  Poehl  and  his  followers  not  only  in  the  majority  of 
the  foregoing  disorders,  but  in  many  others  besides,  in  acne, 
rheumatism,  syphilis,  marasmus,  and  in  various  infections,  such 
as  typhoid  fever,  diphtheria,  and  even  cholera.     It  has'  been 
tried  in  Addison's  disease,  but  adrenal  preparations  are  to  be 
preferred* 

In  the  light  of  the  analysis  submitted  above,  however,  there 
is  good  ground  for  the  belief  that  beneficial  effects  were  obtained 
in  all  these  maladies.  That  the  nucleo-albumins  of  orchitic 
extract  acting  as  would  glycerophosphates  could  be  beneficial  in 
the  disorders  enumerated,  no  one  can  deny.  This  can  hardly 
he  said,  however,  of  the  cutaneous  and  nutritional  disorders, 
unless  the  spermin  the  extract  contains,  by  enhancing  oxidation 
and  the  destruction  of  toxic  wastes,  proves  to  be  the  active 
agent.  Spermin  itself — as  adrenoxidase — is  xmquestionably 
capable  of  doing  this  actively,  and  in  syphilis  and  marasmus  to 
markedly  enhance  the  functional  activity  of  all  tissues.  Again, 
the  beneficial  role  of  spermin  in  infections  finds  its  explanation 
in  a  fact  I  have  repeatedly  emphasized,  viz.,  that  the  oxygenized 
adrenal  secretion,  the  active  agent  of  spermin,  from  my  view- 
point, is  an  active  participant  in  all  immimizing  processes,  local 
and  general.  The  main  point  to  determine,  however,  is  whether 
orchitic  extract,  or  spermin,  affords  better  or  as  good  results  in  any 
of  the  disorders  enumerated  than  other  remedies  at  our  disposal. 
The  evidence  available  indicates  that  such  is  not  the  case. 


KIDNEY   ORGANOTHERAPY. 

That  the  kidneys  produce  an  internal  secretion  is  still 
problematic.  Brown-Sequard,  having  removed  the  kidneys  and 
caused  unemia,  found  that  the  injection  of  a  glycerin  extract  of 
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kidney  prolonged  the  life  of  the  animals  as  compared  to  those 
in  which  the  same  operation  was  not  followed  by  the  use  of  the 
kidney  extract.  This  experiment,  which  has  been  repeated  by 
others,  forms  the  basis  of  the  belief  that  the  kidney  produces  an 
internal  secretion.  That  such  a  conclusion  may  not  be  war- 
ranted is  suggested  by  the  fact  that  the  kidneys,  along  with  some 
of  the  organs  so  far  reviewed,  are  also  rich  in  adrenal  tissue — 
the  so-called  "adrenal  rests'*  from  which  h}'peraephroma  some- 
times develops — and  that  as  such  they  are  capable,  as  an  active 
factor  in  the  immunizing  functions  of  the  body,  of  counteracting 
temporarily  the  toxaemia  or  "uramia"  brought  on  by  removal  of 
the  kidneys.  Indeed,  the  relief  afforded  is  but  ephemeral,  death 
being  postponed  but  one  to  two  days  in  rabbits,  in  which 
Bitzou**^  repeated  Brown- Sequard's  experiments.  Dromain  and 
de  Fradel  Bra****  had  also  noticed  that  injections  of  kidney 
extract  lessened  the  fits  of  epilepsy,  another  toxaimia.  Dubois*** 
and  Renaut***®  have  also  found  that  kidney  extracts  were  endowed 
with  antitoxic  power. 

That  we  are  again  dealing  mainly  with  a  manifestation  of 
the  adrenal  principle  is  further  suggested  by  its  powerful  blood- 
pressurc-raising  property.  Tigerstedt  and  Bergman  found  that 
rennin  possessed  this  power;  Bingel  and  Strauss***  recently  con- 
firmed their  observation,  and  found  thaf  its  action  corresponded 
with  tliat  of  adrenal  and  pituitary  extracts,  those  of  other  organs 
causing  depressor  effects.  The  rise  of  pressure  produced  by 
kidney  extract  was  high,  i.c,  from  40  to  60  mm.  Hg,  and 
lasted  from  fifteen  to  thirty  minutes.  The  authors  concluded, 
moreover,  that  "the  action  of  rennin,  like  that  of  adrenalin,  is 
exerted  in  the  muscles  of  the  peripheral  vessels."  Its  general 
action,  however,  is  more  like  that  of  pituitary  body  extract,  the 
adrenal  principle  being  doubtless  combined  organically,  as  in  the 
pituitary,  with  bodies  which  prolong  and  perhaps  control  ad- 
vantageously the  action  of  the  former.  Like  adrenal  prepara- 
tions kidney  extract  produces  dilatation  of  the  pupil.  This 
sustains  my  opinion  that  its  action  is  due  to  adrenal  principle. 

"^Bltzou:    Jour,  de  phrslol.  H  de  path.  g4ner..  Not.  16,  1901. 

*^  Dromafn  and  de  Pradel  Bra:  C.-r.  taeb.  des  aci.  et  m^in.  de  la  Soc.  de 
Biol..   Paris.  1895. 

>*•  Dubois:    Soc.  de  Biol.,  p.  287.   1903. 

"o  Renaut:    Bull.  gta.  do  th^rap..  T.  147.  pp.  3  and  37.  1904. 

»' Bingel  and  Strauaa:  Deut  Archiv  f.  kiln.  Med..  xctI.  S.  476,  1909;  July 
2C,  1896. 


MAMMARY  OLAND  OROANOTHERAPT.  785 

diuresis  and  reduce  the  albumin.    As  stated  above,  however,  favor- 
able effects  are  to-  be  expected  in  about  one-half  of  the  cases. 

MAMMARY   GLAND   ORGANOTHERAPY. 

It  is  held  by  some  that  the  mammary  gland  produces  an 
internal  secretion,  but  what  evidence  there  is  on  the  subject  is  so 
weak  that  it  can  hardly  be  taken  into  account.  Introduced 
by  Bell,  of  Glasgow,  and  in  this  country  by  the  late  John  H. 
Shober,  it  has  shown  therapeutically  marked  stimulating  action 
upon  the  uterus,  but  the  manner  in  which  it  produces  this  effect 
has  remained  obscure.  An  extract  lowers  somewhat,  and  but 
temporarily,  the  blood-pressure  and  the  pulse.  According  to 
Shober,  it  diminishes  the  blood  supplied  to  the  uterus  and  thus 
controls  haemorrhage,  its  action  resembling  that  of  ergot,  though 
free  of  the  unpleasant  effects  of  the  latter  drug.  From  my  view- 
point, therefore,  it  would  act  by  causing  constriction  of  the 
arterioles. 

Mammary  gland  is  prepared  in  the  form  of  a  tablet  made 
of  the  desiccated  gland  of  the  sheep,  each  tablet  representing  20 
grains  (1.32  Gm.)  of  the  fresh  gland.  The  dose  is  from  3  to  6 
tablets  daily. 

The  therapeutic  application  is  restricted  to  the  genital  ap- 
paratus. In  cases  of  uterine  fibroids  characterized  by  excessive 
menorrhagia  and  metrorrhagia  the  bleeding  was  found  by  Shober 
to  be  controlled  in  a  few  weeks  and  the  periods  become  regular, 
normal,  and  free  from  pain.  There  is  improvement  in  the 
patient's  health  and  weight,  and  the  tumors  themselves  diminish 
in  size  up  to  a  certain  point.  The  patient  is  thus  placed  in  a 
better  condition  for  any  needed  operation,  and  often  the  neces- 
sity for  an  operation  is  postponed.  Where  there  is  evidence  of 
inflanimator}'  or  degenerative  changes,  or  when  serious  pressure 
symptoms  are  not  controlled  after  a  rea«)nable  trial,  operation 
should  not  be  delayed.  In  43  cases  of  uterine  fibroma  treated  by 
Fedoroff,  cure  is  claimed  to  have  been  obtained  in  33,  while  there 
was  a  marked  reduction  of  the  growth  in  43  per  cent  Pozzi 
has  advocated  its  use  in  uterine  haemorrhage  of  any  kind  attend- 
ing metritis.  Briggs"**  found  it  effective  in  the  menorrhagia 
of  uterine  fibroids  in  10  gr.  (0.66  Gm.)  doses  three  times  a  day. 

"^  BrtggB:    Bo4ocrlooloK7,  April,  1917. 
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Mammar}'  gland  has  also  been  reconunended  to  assist  uterine 
involution  and  to  enhance  lactation.  But  the  reports  on  the  use 
of  this  agent  have  been  antagonistic. 

THYMUS  ORGANOTHERAPY. 

In  the  sixth  chapter  ( p.  280) ,  I  submitted  the  experimental 
and  clinical  eridence  which  led  me  to  suggest^  in  1907^  that  the 
function  of  the  th}'mu8  was  to  supply  an  excess  of  phosphorus  in 
organic  combination  during  the  growth  of  the  body,  i.e.,  partic- 
ularly while  the  development  of  the  osseous  and  nervous  systems 
demanded  such  a  reserve.  This  was  sustained  by  the  recognized 
fact  that  certain  diseases  of  children  and  adolescents,  especially 
marasmus,  rachitis,  and  trophic  disorders  of  the  brain  and 
nervous  system,  were  due,  in  part,  to  the  functions  of  the  thymus. 
While  it  cannot  be  affirmed  that  this  theory  actually  represents 
the  function  of  the  organ — ^the  thymus  having  been  the  grave- 
yard of  many  hypotheses — ^all  that  can  be  said  for  it  is  that  it 
seems  to  account  fo^  the  clinical  results  obtained  under  its  use 
better  than  any  hypothesis  so  far  advanced,  besides  correspond- 
ing with  the  laboratory  findings  of  its  effects. 

Diseases  of  the  Thyroid. — In  simple  goiter  it  was  first 
tried  by  Mikulicz,***  who  obtained  sufficiently  favorable  results 
in  5  out  of  11  cases  to  render  operation  unnecessary,  at  least  for 
the  time  being.  Reinbach"*  considers  it  probably  superior  to 
thyroid  because  the  unpleasant  effects  of  the  latter  are  avoided ; 
for  the  same  reason  it  is  especially  suitable  when  organotherapy 
has  to  be  used  continuously.  This  view  is  based  on  the  employ- 
ment of  thymus  in  a  large  number  of  cases  in  the  Breslau  clinic. 
Mikulicz  gave  from  2^^  to  4  drachms  (10  to  16  6m.)  of  the 
raw  sheep  thymus  on  bread  three  times  a  week,  increasing  the 
dose  to  7  drachms  (28  6m.)  if  required. 

We  have  seen  that  in  exophthalmic  goiter  it  had  proven 
efficacious  in  the  hands  of  Owen***  in  advanced  cases,  and  also 
in  those  of  Maude**^  when  other  remedies  had  been  used  fruit- 
lessly. The  latter  gave  45  grains  (3  6m.)  daily  to  a  severe  case, 
which  greatly  improved,  relapsing  whenever  the  treatment  was 

»«Mikulici:    Berlin,  klin.  Woch..  Bd.  xxxii,  S.  342,  1895. 

^H  Reinbacb:    Mittheil.  aus  den  Qrenzgebiet.  d.  Med.  u.  Chir.,  B.  1,  S.  202,  1896. 

i»«Owen:     Brit.   Med.   Jour.,  Oct.  10.  1896. 

^"^  Maude:    London  Lancet,  July  18,   1896. 


THYMUS   ORGANOTHERAPY.  787 

interrupted.  S.  Solis-Cohen***  also  advocates  its  use  in  this  dis- 
ease, having  found  that  it  exerted  its  beneficial  influence  mainly 
upon  the  nervous  symptoms  of  the  disease  without  affecting  the 
exophthalmus.  Huston  White^**  found  that  the  nervous  symp- 
toms were  alone  improved. 

These  observations  coincide  with  my  own  view  of  the  manner 
in  which  thymus  gland  produces  its  beneficial  effects.  The 
excess  of  thyroiodase  produced  in  exophthalmic  goiter  causes, 
we  have  seen,  too  rapid  oxidation  of  the  phosphorus  in  organic 
combination  in  the  tissues,  particularly  in  those  of  the  nervous 
system  which  are  extremely  rich  in  phosphorus.  Thymus,  supply- 
ing phosphorus  in  organic  combination,  replaces  that  lost  by  the 
nervous  system,  thus  procuring  marked  benefit  in  this  cme  direc- 
tion. As  5  grains  (0.33  Gm.)  of  the  dried  thymus  are  equivalent 
to  30  grains  (2  Gm.)  of  the  fresh  gland,  this  dose  can  readily 
be  given  three  times  daily. 

Eachitis,  or  Rickets. — ^The  same  explanation,  %.e.,  the 
purveying  of  phosphorus  in  oiganic  combination — to  the  osseous 
system,  in  the  present  connection — accounts  for  the  undoubted 
benefit  thymus  has  procured  in  this  disorder.  Mendel,^**  having 
used  thymus  gland  in  V/>  to  3  drachms  (6  to  12  Gm.)  daily  in 
over  100  cases,  obtained  marked  benefit  in  a  large  proportion,  but 
especially  in  the  nervous  symptoms,  including  spasm  of  the 
glottis.  It  had  previously  been  tried  by  Stoppato,**^  but  without 
marked  benefit.  In  Mendel's  cases  both  fresh  and  commercial 
tablets  were  tried,  the  cases  being  subdivided  as  follows:  1, 
those  which  showed  prodromal  symptoms  only ;  2,  those  in  which 
deformity  of  the  osseous  system  was  the  chief  feature;  3,  those 
marked  by  spasm  of  the  glottis,  and,  4,  those  in  which  splenic 
enlargement  was  the  most  important  sign.  Marked  improvement 
was  noted  in  all  after  from  three  to  four  weeks,  and  dentition 
and  the  closure  of  the  fontanelle  proceeded  satisfactorily.  No 
untoward  symptoms  were  noted — a  marked  advantage  over 
thyroid  preparations.  In  a  case  of  stunted  growth,  obviously 
of  osseous  origin,  in  a  boy  of  14  years,  R.  Webb  Wilcox"*  ob- 

"■SollB-Cohen:    Jour.  Amer.  Med.  Aswm*..  Aug.  18.  1900. 

»■•  White:     Brit   Med.   Jour^  vol.   1.  p.  786.   1899. 

»»  Mendel:    Mttnch.  med.  Woch..  Bd.  xlix.  8.  154.  1902. 

»«  Stoppato:    Pollcllnlco.  April  15,  1897. 

*•*  Wilcox:    Boston  Medical  and  Surgical  Journal.  Aug.  13,  1908. 
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tained  9^4  inches  growth  in  three  years  by  the  persistent  use  of 
2  grains  (0.13  6m.)  thymus  night  and  morning. 

•  The  view  that  these  effects  are  due  to  the  addition  of  phos- 
phorus in  organic  combination  to  the  body  is  further  sustained 
by  the  results  of  experimental  observation  by  Hart  and  Nord- 
mann,*"  that  the  thymus  had  a  definite  relation  to  assimilation, 
and  that  it  took  an  active  part  in  the  resistance  of  the  organism 
to  infection.  As  I  will  show  in  the  second  volume,  page  878, 
nucleo-proteid,  in  so  far  as  its  phosphorus  in  organic  combination 
is  concerned^  is  an  active  participant  in  the  immunizing  process. 

BRAIN  AND  NERVE  SUBSTANCE  ORGANOTHERAPY. 

While  these  agents  have  given  good  results,  the  theory  that 
brain  and  nerve  substance  possess  or  produce  an  internal  secre- 
tion has  never  been  sustained  scientifically. 

The  clinical  results,  though  quite  discordant,  particularly  in 
the  neuroses  and  psychoses  in  which  these  preparations  have  been 
tried,  have  shown  a  tendency  to  harmonize  since  the  introduction 
by  Sciallero*'*  of  an  oily  extract.  Page,^"  who  has  obtained 
unusually  good  results  in  neurasthenia  by  means  of  injections 
of  this  extract,  ascribes  them  to  its  antitoxic  and  antispasmodic 
effects.  Wassermann  and  Takaki  had  previously  shown  that 
tetanus  toxin  was  neutralized  by  contact  with  brain  substance, 
and  that  when  a  fatal  dose  of  tetanus  toxin  was  injected  with 
brain  substance  the  fatal  effects  were  prevented.  The  same 
observations  were  made  in  the  case  of  hydrophobia  by  Babes;  in 
Btr)'chnine  and  morphine  poisoning  by  Widal  and  Nob6court;  in 
tetanus  by  Krokiewicz;  in  epilepsy  by  Lion  and  also  Kaplan, 
using  Poehl's  opocerebrin — in  accord  with  Dana's  experience 
several  years  earlier.  Sciallero,  who  obtained  encouraging  results 
in  neurasthenia,  hysteria,  chorea,  tic,  and  epilepsy,  used  his  oily 
extract  "cephalopin'^  in  doses  varying  from  1  to  5  c.c.  (16  to 
81  minims).    No  untoward  effects  were  obtained. 

Although  it  is  very  improbable  that  brain  extracts  injected 
into  the  tissues  act  as  they  do  in  the  test-tube,  it  seems  estab- 
lished  that  they  act  much  as  do  the  lecithins  on  the  market,  t.e., 

*«•  Hart  and  Nordmann:    Berlin,  kiln.  Woch..  May  2,  IfllO. 

»•*  Sciallero:    Riforma  Medlca,  Jan.  27,  1904. 

^Page:     C.-r.  de  I'Academle  de  MM.,  March  80.  1M9. 
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by  furnishing  phosphorus  to  the  organism  in  an  assimilable  form, 
or  as  nueleo-proteids  in  enhancing  the  immunizing  process.  Be 
this  as  it  may,  these  substances  seem  to  have  produced  effects 
which  suggest  that  they  are  worthy  of  further  study. 

THE  PINEAL  GLAND  ORGANOTHERAPY. 

The  functions  of  this  organ  have  not  as  yet  been  determined 
to  any  degree.  It  is  no  longer  regarded  as  a  purely  vestigial 
structure,  however,  tumors  of  the  pineal  as  noted  by  Marburg^*^ 
and  others  being  capable  of  causing  obesity,  while  Ogle,  Frankl 
Hochwart^^®^  and  other  clinicians  have  recorded  marked  precocity 
in  young  subjects,  as  to  stature,  genital  development,  and  hair 
growth.  These  effects  have  also  been  ascribed  to  a  secretory  func- 
tion, but  the  results  obtained  from  extracts  of  the  gland  have 
been  contradictory,  though  these  agents  appeared  to  increase  the 
strength  of  the  heart-beat. 

A  kinship  with  the  functions  pituitary  is  suggested  by  many 
facts.  From  my  viewpoint,  it  does  not  possess  the  characteris- 
tics of  a  secreting  gland  but,  seemingly,  those  of  a  nervous  organ 
working  in  harmony  with  the  pituitary  body,  through  fibers 
which  meet  those  originating  from  the  latter  organ,  in  the 
region  of  and  in  the  corpora  quadrigemina.  The  fact  noted  by 
Biedl*®*  that  in  the  adult  animal  the  organ  is  ''a  negligible 
quantity^^  sustains  my  view,  since  a  co-ordinating  center  can  be 
sacrificed  without  permanent  harm  more  readily  than  a  secreting 
organ  whose  product  should,  as  in  the  present  case,  deeply  in- 
fluence metabolism,  if  the  effects  of  organic  lesions  of  the  organ 
are  taken  as  standard. 

As  a  therapeutic  agent,  Dana  and  Berkeley^**  claim  to  have 
obt-ained  improvement  in  backward  children  owing  to  its  stimu- 
lating influence  on  general  metabolism. 

HOR^IONE  THERAPY. 

The  word  "hormone''  was  applied  by  Starling  to  the  group 
of  substances  secreted  by  various  organs — ^the  ductlesp  glands  in 
the  group  studied  in  this  work — which  could  enhance  the  func- 
tions of  other  organs.    Precisely  as  I  had  held  three  years  earlier 

>*•  Marburg:    Deutsch.  ZetUchr.  fOr  Nerrenhellk..  B.  zzxri,  8.  112,  1M8. 
1*^  Frankl  Hochwart:     Ibid.,  B.  xxxrii.  8.  466.  1909. 
I**  Diedl :    The  Internal  Secretory  Organs,  p.  366,  1913. 
>**  Dana  and  Berkeley:    Medical  Record.  Maj  10,  1912. 
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(the  adrenal  secretion  exciting  the  thyroid,  the  pituitary,  the 
pancreas,  etc.) ;  these  hormones  were  shown  by  Starling  to 
reach  the  distant  structures  they  influenced,  through  the  inter- 
mediary of  the  blood. 

While  certain  hormones  influence  variouB  organs,  others 
affect  only  one  organ  or  a  system  of  them.  Bayliss  and  Starling 
termed  '^secretin''  a  hormone  formed  in  the  duodenal  mucous 
membrane  under  the  influence  of  hydrochloric  acid  from  the 
stomach.  Carried  by  the  circulation  to  the  intestinal  mucosa, 
the  pancreas,  and  the  liver,  it  activates  the  production  of  the 
secretions  produced  by  these  organs.  As  I  suggested  in  1907 
(see  vol.  ii,  p.  8G1),  this  hormone  presents  several  properties 
of  adrenal  extractives. 

Another  hormone  has  been  obtained  from  the  gastric  mucosa 
by  Zuelzer^  Dohm,  and  Marxer^^®  which  has  been  found  to 
enhance  peristalsis.  It  being  impossible  to  obtain  it  in  sufScient 
quantities  from  the  stomach,  it  was  sought  elsewhere,  and 
was  found  in  ample  quantities  in  the  spleen — ^that  junkshop  in 
which  red  corpuscles  (which,  as  I  suggested  in  1903,  are  the 
common  carriers  of  the  adrenal  principle)  are  broken  up  along 
with  other  cells.  This  splenic  hormone  specifically  stimulates 
intestinal  peristalsis  to  a  degree  so  remarkable  that  the  intestinal 
movements  in  tlie  experimental  animal  may  be  shown  cinema- 
tographically  ten  to  fifteen  minutes  after  an  intravenous  injec- 
tion. The  use  of  liquid  preparations  of  the  posterior  pituitary 
(^.t;.)  has,  however,  advantageously  superseded  it  for  the  same 
purpose,  being  more  lasting  and  less  violent. 

PLURIGLANDULAR  THERAPY. 

The  simultaneous  use  of  two  or  more  glandular  products, 
sometimes  in  conjunction  with  drugs,  has  been  found  advan- 
tageous in  many  disorders.  This  feature  of  the  subject  as  a 
whole  will  be  considered  at  the  end  of  the  second  volume,  in  a 
supplement  in  which  all  diseases  benefited  by  sudi  treatment 
will  be  arranged  alphabetically. 
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diagnosis  of,  128. 
patbogenesis  of,  120. 


Adrenal  bsmatoma.  prognosis  of,  129. 
symptomatology  of,  120. 
treatment  of,   129. 
bsMnorrbage,  5. 
and  acute  bjrperadrenia,  110. 
diagnosis  of,  123. 
in  adults.   121. 
in  tbe  cbild,  123. 
in  tbe  infant,  123. 
increased  functional  actiTity  of  the 

adrenals  as  a  cause  of,  25. 
patbogenesis   of,    118. 
in  adults,  121. 
in  children.  120. 
in  tbe  newborn,  118. 
prognosis  of.  124. 
symptomatology  of,  118. 
in   adults.    121. 
in   children.  120. 
in  tbe  newborn,  118. 
treatment  of,  124. 
hemorrhagic  pseudocyst,  120. 
insufficiency.  80.     (See  Hffpoadrenia.) 
OTeractiTity.   glycosuria  as  a  symp- 
tom of.  302. 
preparations,   general  indications  of, 

704. 
rests,  53. 

secretion    a    constituent    of    haemo- 
globin, 03. 
action  on  heart,  11,  17. 
on  heart  muscle^  43. 
on  muscle,   14. 
and   functional   actiTity,   325. 
as  a  factor  of  temperature,  00. 
as  source  of  the  functional  actiTity 

of  the  righti  heart,  421. 
as    tbe    oxidising    agent    of    the 

haemoglobin,   58. 
distributed   by   tbe  red  corpuscles 

as  oxidising  agent,  06. 
in  its  relation  to  respiratory  func- 
tions,   453. 
in  pulmonary  respiration.  00. 
unexplained   properties  of  the.   50. 
system,  in  cardiac  functions,  421. 
and   generatlTe  glands.   473. 
and  tbe  kidneys,  407. 
as    tbe    foundation    of    inmunity, 
020. 
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Blood-plateleU  as  droplets  of  adrenoxi- 
dase,   64. 
-pressure,  toxica  which  depress  the, 
by   causing   passlre   oongestlon 
of  the  adrenals,  SO. 
-supply  of  the  adrenals,  49. 
Bone  necrosis,  thyroid  extract  in,  711. 
Brain  and  cord,  minute  circulation  of, 
662. 
and  nerre  substance  organotherapy, 

788. 
extract,  788. 

lower,    identity  of.   483. 
neuroglia-flbers  aa  the  capillary  sys- 
tem of,  582. 
Bright's    disease^    kidney    extract    in, 

784. 
Bromides,  action  of,  on  neurons,  523. 
Bronchocele,  243. 
Bronchopneumonia,     pituitary    extract 

in,  770. 
Bronzing,  a  symptom  of  adranced  ad- 
renal insufflciency,  515. 
Bulimia  aa  a  symptom  of  acromegaly, 
512. 
In   glycosuria,   363. 

Cachexia    parathyreoprlTa,    74L      (See 

Hvpoporathyroid   tetanif.} 
Cancer,  adrenal  extract  in,  757. 
of  the  adrenals,  137. 
diagnosis  of,   140. 
symptoms  of,    138. 
thyroid  extract  in,  739. 
treatment  of,  141. 
Capillary    hemorrhage,     adrenal     ex- 
tract in,  766. 
Cardiac  disorders,  adrenal  extract  in. 
7SB,  766. 
asthenic,    adrenal   extract   in,   766. 
pdtoitary  extract  In,  767. 
Carotid  glands,  61. 
Cephalopln,  788. 

Cerebrospinal    substance,    minute   cir- 
culation of,  562. 
system,  general  center  of,  483. 
Childhood,   functional  hypoadrenla  of, 
83. 
prophylaxis    and    treatment    of, 
92. 
Children,  adrenal  haemorrhage  in.  120. 

diagnosis  of,  123. 
Chloroform,  action  of,  on  neurons.  523. 
Cholera,  spermin  in,  782. 
Chorea,  cephalopln  in,  788. 
pituitary  extract  in,  773. 
Chromaffin  system,  40. 


Chronic     benign     hypothyroldia,     176. 
(See  Hwothinvidia.) 

constipation,    hormone    therapy    in, 
790. 
Coccygeal    body,    52. 
Collapse,  adrenal  extract  in,  754,  764. 

from    hemorrhage,    adrenal    extract 
in,  764. 
Colloid  goiter,   260. 
Congenital    goiter,    272. 
Con«tlpation,    chronic,    hormone   ther- 
apy In,   790. 
Constrictive  goiter,   262. 
Cord,  minute  anatomy  of,  562. 

neuroglla-flbers     as     the     capillary 
sytem  of,  583. 
Corpus  luteum,  479. 
extract,   777,   779. 
Cortex  of  the  adrenals,  46. 
Cretinism,  193. 

endemic,  196. 

etiology,  196. 

pathogenesis  of,  198. 

pathology  of,  198. 

posterior  pituitary  body  in,  614. 

sporadic,   197. 

symptomatology  of,  193. 

thyroid  extract  in.  710. 

treatment  of,  198. 
Cretinoid  Idiocy,  197. 

pachydermia,  197. 
Cystic  goiter,  261. 
Cysts,  hsBmorrhagic,  261. 

Deafness  as  a  symptom  of  acromegaly, 
613. 

DegeneratlTe  goiter,  269. 
hypothyroid  goiter,  269. 

Delusions    as    a    symptom    of    acro- 
megaly, 612. 

Dercum's  disease,   thyroid  extract   in, 
727. 

Dermatitis   herpetiformis,    thyroid   ex- 
tract in,  734. 

Diabetes.     (See  (Hycoauria.) 

Diabetic  coma,  363. 

Digestive  appadratus,     (See  Tntestine^, 
Liver,  Pancreas,  and  Stomarh.) 

Diphtheria,    pituitary   extract   in,    770. 
spermin  in,  782. 

Dysmenorrhea,  corpus  luteum  extract 
In,   779. 

Dyspnoea   as   a   symptom   of   acrome- 
galy, 513.  615. 

Dystrophia  adiposo-genitalis,   307. 
treatment  of,   309. 
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SeUmpsiA,  thyroid  cxtnet  In,  71A. 
BcscmA,   chronic,   thyroid   oztnei  In, 
7M. 
of  young  children,  thyroid  extract  In. 

734. 
testicular  extract  in.  78S. 
Effitslons,  adrenal  extract  In,.  Ttt. 
Endemic   cretinism,   IK. 
Enuresis,  thyroid  extract  In,  733. 
Bosinophile  leucocytes,  M7. 
Epilepsy   as   manifestations   of  execs- 
sire  motor  *  actirity,  608. 
brain  substance  in,  78S. 
cephalopin  in,  788. 
kidney  extract  in.  783,  784. 
opocerebrin   in,   788. 
thyroid  extract  in.  710,  718. 
Eptnephrln  751. 
Erysipelas,   pituitary  extract  In,  770. 

thyroid   gland  in,  738. 
Brythromelalgia    in    acromegaly,    S15. 
Exanthemata,   thyroid  extract  In,  711. 
Exophthalmic   goiter,   814. 

aberrant,  175.    (See  Hifpotktfroidia.) 
asthenic    or    myxoBdematous   stage 

of,    222 
enlarged    thymus    as    complicating 
factor  of,  223. 
etiology  of.  227. 
larval,   212.     (See  FyperlAyroidia.) 
myxcedematous  stage  of,  222.  237. 
operative    risks    and    rraults     In, 

241. 
pathogenesis  of,  218. 
pituitary  extract  in,  772. 
posterior  pituitary  body  in,  514. 
sthenic  or  first   stage  of.   217. 
surgical   treatment  of,   238. 
symptomatology    of,    216. 
thymus  extract  in,  786. 
translton  stage  of,  221,  222,   237. 
treatment  of,   232. 

Febrile  infections,   thyroid  extract  in, 

738. 
Fever,  genesis  of.  628. 
internal  secretions  in,  620. 
leucocytes    in,    620. 
Fibrous  goiter,  261. 
FoeUl    rIckeU,   205. 

Foramina    Thcbeeii    in    cardiac    func- 
tions,   421,    441. 
Forme  fruste  de  lai  maladie  de  Base- 
dow, 212.    (See  HyperthifrtHdia.) 
Fractures,    thyroid    extract    in,   710. 
Frdhlich'B  disease.   307. 
treatment  of,   909. 


rnnctioiial  aetlTtty.  adrenal  aecretkm 
and,   S2S. 

of  the  brain  vermu  retraction  of 
the  nenron-gemmules,  577,  578. 

of  the  right  heart,  adrenal  secre- 
tion as  the  source  of,  421. 

OenermtiTe  glands,  adrenal  sjrtem  and, 

473. 
Qerlach's    fibers    as    plasma-channels, 

668. 
Gigantism,   807. 
Glycogen  and   Its   fdrmation,   347,   356, 


Glycosuria  as  a  symptom  of  adrenal 
Insufllcleney,  865. 
as  a  symptom  of  adrenal  overactiT- 

Ity,    882,    866. 
as  a  symptom  of  excessive  forma- 
tion of  dextrose,  367. 
coma  In,  881 
drags  as  a  cause  of,  362. 
non-converted  sugar  and,  868. 
pituitary  and,  76. 
ptyalln  and,  418. 
testicular  extract  In,  788. 
Goiter,  843. 
adenomatoua,  861. 
colloid,  860. 
congenital,  271 

symptoms  of,   272. 

treatment  of,   271 
constrictive,  262. 
cystic,  861. 
degenerative^  258. 

operative  risks  and  results  of,  869. 

surgical   treatment  of,  266. 

symptoms,   261 

treatment,  265. 
etiology  of,  244. 
exophthalmic,  214.    (See  Exophthalmic 

ffoiter.) 
fibrous,  261. 
h»morrhagic,   262. 
hyperthyroid  or  toxic,  258. 

treatment  of,  258. 
hypothyroid  degenerative,   269. 

treatm^t  of,  265. 
surgical,    266. 
in.  the  newborn,  272. 
inflammation  of  a,   274.     (See  StrU" 

mitiB.) 
Intrathoi^clc,  261. 
lingual.  262. 
malignant,  270. 

treatment  of,  271. 
simple   hypothyroid   non-toxic,    241 

pathology  of,  851. 
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Ootter,  Bimple,  prognotls  of,  261. 
treatment  of,  261. 
thyroid  extract  In,  728. 
Tarletles  of.  247. 
Goitrous  acceasorj  glands,   27L 
Golgl's  fibers  as  plasma-channels,  668. 
Gonorrheal  arthritis,  pitaitanr  extract 

In,   776. 
Gout,   testicular  extract   In,   782. 
Graafian  follicles,  480. 
Orares's    disease,    214.      (S«e    Bwoph- 

thalmie  goiter.) 
Growth,  stunted,  pituitary  extract  In, 
773. 

Hsematoma,  adrenal,  128. 
HflBmoglobin,  adrenal  secretion  a  con- 
stituent of,   63. 
as  the  oxidizing  agent  of  the,  68. 
dissociation  of.  In  glycosuria,  S66. 
formation  of,  336,  23^, 
molecule,  formation  of.  In  the  llTer, 
336,   839. 
Haemophilia,   thyroid   extract  In,   736. 
Hmnoptysis,  pitulUry  extract  In,  776. 
Hiemorrhage,  adrenal,  5. 

adrenal  extract  In,  766,  766. 
of  genital  system,   pituitary  extract 
In,  769. 
HsBmorrhagic   adenoma   of   the   adre- 
nals, 188. 
adrenal    pseudocyst,    126. 
cysts,  26L 
goiter,  262. 
Hair,   coarseness  of,   and   adrenal   In- 
sufficiency, 616. 
Haller's    fibers    as    plasma-channels, 

668. 
Hay    feyer,     adrenalin    ointment    In, 

762. 
Headache,    pressure   as   a   source   of, 

612. 
Heart,  accelerator  phenomena  of,  446. 
aetlTe,  Inhibition  of,  due  to  excessire 

Tsgal  stimulation,  446. 
adrenal  secretion  In  functions  of,  11, 
\  421,  483. 

augmentor  phenomena  of,  449. 
foramina  Thebeell  In   the  functions 

of,  421.  44L 
functional  mechanism  of,  462. 
hypertrophy  of.  In  acromegaly,  612. 
Inhibitor  phenomena  of,  446,  462. 
Innerratlon  of,   444. 
leucocytes  and  nutrition  of,  441. 
non-existence    of     Inhibitor     fibers, 

446. 

nutrition  of,  441. 


Heart,    oxidizing    substance    and    the 
functions  of,  433,  441. 
"palpitations"     of,     in    acromegaly, 
612.  615. 
Heart-failure,  pituitary  extract  In,  768. 
surgical,  adrenal  extract  in,  766,  768, 
764. 
Hip-joint  disease,   thyroid  extract  In, 

737. 
Histology  of  adrenals,  44. 
Hoimone   therapy,   789. 
Hyaline  cells,   662. 

Hydrophobia,  brain  substance  In,  788. 
Hyperadrenalism,  116. 
Hyperadrenia,   116. 

acute.  116. 
Hypersemla,   thyroid,  206. 
Hypenesthesia,  the  posterior  pituitary 

body  and,  612. 
Hyperemesis    gravidarum,    corpus   lu- 

teum  extract  In,  780. 
Hypernephroma,   129.    . 
diagnosis  of,   182,   134. 
malignant,  of  the  adrenals,  131,  138. 
of  the  kidneys,  132. 
pathogenesis  of,  130. 
pathology  of,  136. 
prognosis  of,   137. 
symptomatology  of,   X30. 
treatment  of,   137. 
Hyperthyroid.  or  toxic  goiter,  268. 
Hyperthyroidia.  212. 
Hyperthyroidism,  212.     (See  H^fjterihy- 

roidia.) 
Hypertrophic  rosacea,   thyroid  extract 

in,  735. 
Hypoadrenalism,  80. 
Hypoadrenia,   80. 
chronic  progressire,  97.     (See  Addi- 

8(m*8  disea4e.) 
functional,  82. 
in  the  adult,  86. 
prophylaxis    and     treatment    of, 
94. 
in  childhood,  83. 

prophylaxis  and  treatment  of,  92. 
of  infancy  and  childhood,  83. 

prophylaxis  and  treatment  of,  90. 
of  old  age,  88. 
prophylaxis  and  treatment  of,  94, 
96. 
prophylaxis  of,   89. 
treatment  of,  89. 
terminal,  109. 
pathogenesis  of.  110. 
pathology  of.  111. 
symptomatology,   110. 
treatment,    112. 
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HTpopanUhjrTold  tcUny,  74L 
iioii-op«raUTe,   74S. 
post-operative,  742. 
■ymptonuktolocy  of,  742. 
treAtment  of,  744. 
HTpoparathyroeis,  74L    (See  Hppopar^ 

thyroid  Manp.) 
Hrpophysls.     (See  PihUimnf') 
Hypothyroid  deceneratlTe  goiter,  258. 

non-toxic  goiter,   simple^  248. 
Hypothyroldla,  17S. 
etiology  of,  183.  . 
pathology  or,  183. 

progressive.  18S.     (See  MptuBdema.) 
symptomatology  of,  177. 
treatment  of.  184. 
Hypothyroidism,    176.      (See    Hppotky- 

rtridia,) 
Hysterectomy,   corpus   luteam  extract 

after,  779. 
Hysteria,  cephalopln   in,  788. 

Ichthyosis,   thyroid  extract  in,  7S4. 
Idiocy,  277. 
adrenals  In,   297. 
amaurotic  family,  303. 

treatment,   306. 
and  disease  of  the  pituitary  bodies, 

513. 
cretinoid,   197. 
Mongolian,   289. 
etiology  and  pathogenesis  of,  292. 
pathology  of,  294. 
treatment  of.  295. 
myxoedematouB,  197. 
pituitary  extract  in,  773. 
stigmata  of  deficient  activity  of  the 
adrenals  In,   300. 
of  the  adrenal  cortex,  300. 
of  excessive  activity  of  the  adrenal 
cortex    in,    301. 
Immunity.  698. 
adrenal    system    as    the    foundation 

of.  620. 
adrenals  In.   622. 
Internal    secretions    in,    620. 
kidneys  in,  473. 
leucocytes  in,  620,   691. 

In  their  relation  to,  633. 
simplified   theory  of.   698. 
thjrropara thyroid    apparatus   in,    143. 
623. 
Immunising  center,  pituitary  body  as 
the  seat  of  the,  624. 
mechanism,   mode  of  action  of  the. 
628. 
Impotence,    testicular  extract   in,    782. 
Incomplete  Basedow's  disease,  212. 


Incomplete  myzcBdemiu  175. 
Infancy,  adrenal  hemorrhage  Iq,   118; 
123. 
fnnctkmal  bypoadrenla  in,   83. 
prophylaxis  and  treatmeot  of,  90. 
Infantile    generative    organs,     corpua 
Inteum  extract  in,  780. 
myzoBdema,  193. 
Infantilism,  Lorain  type  of,  204. 
Mongolian,  205. 
myzcBdematous,   20L 
Infections   diseases,    pltnitary   extract 
In,   770. 
thyroid   extract  in,   711. 
Inflnsnsa,  pituitary  extract  in,  770. 
Infnndibolar  extract,   767. 
Inhibition,  active,  of  heart  due  to  ex- 
cessive    nervous     stimulation, 
446,   452. 
Inhibitors  of  adrenal  functions,  toxins, 
poisons,  venoms,  and  drugs  in 
large  doses  as,   19. 
Innervation  of  the  heart.  444. 
Insanity,  alcoholic,  neurons  in,  690. 
the  posterior  pituitary  body  in.  512. 
thyroid  extract  In,  711. 
Insufficiency  of  the  adrenals.  80. 
Internal  secretions  and  organotherapy, 

700. 
Interrenal   tissues,   subsidiary,   51,    53. 
Interstitial  gland,  480. 
Intestinal  occlusion,  hormone  therapy 
in,   790. 
paresis,  pituitary  extract  in,  774. 
post-operative,     hormone     therapy 
in,   790. 
Intrathoracic   goiter,   261. 

Kidneys,  adrenal  system  and  the,  467. 
extract,   703,  782. 
hypernephroma   of   the,    132. 
organotherapy,   782. 

Lactation,  mammary  gland  extract  in, 

786. 
Larval  exophthalmic  goiter.  212. 
Lecithin  as  the  active  body  of  myelin, 

534,    543. 
Lupine's  glycolytic  ferment  as  oxidis- 
ing substance,    411,   412. 
Leprosy,   thyroid  extract  in,  736. 
Leucocyte    granulations    as    secretory 

products,    644. 
Leucocytes,   basophile,   680. 
classifications  of,   660. 
eosinophile,   667. 
functional   mechanism  of,   639. 
granules  in.  044. 
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Leucocsrtes  In  Imtnunlty,  Wi. 
and  ferer,  620. 
neutrophile,   663. 

In  Bssimilation,  664. 
phy Biological  chemistry  of,  647. 
relation   to  nutrition,   organic   func- 
tions, and   immunity,  633. 
Life,  the  pituitary  bodies  as  co-centers 

in  sustaining,  483. 
Lingual   goiter,   262. 
Liver,  blood-pigments  of,  334,  360. 
h^atic  artery,  functional  vessel  of, 

326. 
hepatic  cell  a  miniature  sponge,  339. 
hepatic   cell-canalicull,    340,    360. 
hepatic  tissues  in  their  relations  to 

bacteria,    341. 
general    function    of,    369. 
minute  anatomy  of,  326,  360. 
pancreas  and  spleen,  combined  func- 
tions  of,    369. 
physico-chemical   functions,   326. 
Lorain  type  of  infantilism,  204. 
Lower  brain,  functions  of.  483. 
Lungs,  adrenal  system  In  functions  of 
the,  421.    (See  also  Re9fHratUm.) 
innervation    of,    464. 
nervo-vascular  nkechanism  of,  464. 
Lupus,  thyroid  extract  In,  735. 
Lutein,   780. 

Lymphatics  of  the  adrenals,  60. 
Lymphocytes  and  hyaline  cells,  662. 

Malarial  fever,  enlargements  of  spleen 
and   adrenal   overactivity,   332. 
Malignant   goiter,    270. 
hypernephroma  of  the  adrenals,  131, 

138. 
neoplasms,  thyroid  extract  In,  711. 
Mammary  gland  extract,  785. 
Marasmus,   spermin  in.  782. 
Melancholia  as  a  symptom  of  adrenal 
insufficiency,  613. 
testicular  extract  in.   782. 
Menopause,  corpus  luteum  extract  in, 
779. 
ovarian   extract   In,    777. 
thyroid   extract   in,    710. 
Menorrhagia,  pituitary  extract  In,  769. 
Menstrual     disorders,     corpus    luteum 

extract   in.    779. 
Mental  backwardness  in  children,  277. 
adrenals   in,    277. 
pituitary  in,  277,  774. 
thjrmus   in,  277. 
thyroid   in.   277.   278. 
prophylaxis  of,  314. 
cutaneous  sensibility,  324. 


Mental     backwardness     In     children, 
prophylaxis  of,  hearing,  322. 
senses,    development   of.    In,    322. 
smell,    323. 
taste,  323. 
vision,   323. 
diseases,    pituitary   extract   In,    773. 
phenomena  of  acromegaly,   612,  614. 
Metrorrhagia,     pituitary     extract     In, 

769. 
Microsomes,   644. 

Migraine,  thyroid  extract  In,  710. 
Mitoma,    633. 
Mitral  disorders,  pituitary  extract  In. 

768. 
Mongolian   Idiocy,  289. 

InfanUllsm.    206. 
Morphine,  action  on  neurons,  620,  622. 

poisoning,  brain  substance  in,  788. 
Motor  areas  of  gray  substance  as  sen- 
sory areas,  608. 
Muscular  atrophy  in  acromegaly,  614. 
hjrpemutrition     and     adrenal    ovw- 

acUvity,  612. 
weakness   and   adrenal   Insufficiency, 
613. 
Myasthenia,    pituitary  extract  In,  773. 
thyroid  extract  In,  710. 
bulbo-spinal,  ovarian  extract  in,  773. 
pituitary  extract  in,  773. 
Myelin   and   the  functional   energy  of 

nerves,  634,  636,  J643. 
Myocarditis,  yhronlc,  pituitary  extract 

in.   768. 
Myopathies,   pituitary   extract  In,   773. 
Myxoedema,    186. 
etiology   of,    191. 
incomplete,    176. 
infanUle,   193. 
pathogenesis  of.   186,  191. 
pathology  of.   191. 
posterior  pituitary  body  In,  514. 
symptomatology   of,    186. 
thyroid  extract  in,  710. 
treatment  of,  192. 
Myxoedematous   idiocy,   197. 
InfanUllsm,    201. 
diagnosis  of,  204. 
pathogenesis  of,   201. 
symptomatology.    20L 
treatment   of,   206. 
Myxoeddme  fruste,   175. 

Narcolepsy  In  acromegaly,  613. 

Nephritin,    784. 

Nephritis,   chronic,  kidney  extract  In, 

784. 
Nerve  substance  in  neurasthenia,  788. 
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Nenr^   nbsUnce,   organoChfrmpy*   788^ 
N«rTe>mipply  of  the  adrcoals,  50. 
NerTM,   mj«lin   «•  aoarce  of  onersy 
In.   SSI.   6M,   SO. 
phjaloloctc&l   chemtotiT   of.    532. 
Nenrous  disMUMS.  pItolUnr  eztnct  in, 
773. 
«neiTT.  aoorce  of.  633.  631.  643. 
system,   general   center  of.   4S3.   691. 
Including     neurons,     composed     of 
plasma-flbrlls     nrroanded     by 
myelin.  6i0. 
posterior  pituitary  body  as  somatic 
center  of.  691. 
Neuralgia,   adrenal   extract  in.   7€6. 

in    acromegaly.   614. 
Neurasthenia,    brain   and   nenre   sub- 
stanco  in,    783. 
cephalopin  In.  788. 
pituitary  extract  in.  773. 
testicular  extract  in,   783. 
thyroid    extract   in,    710. 
Neuritis,  adrenal  extract  in.  786. 
Nsitroglia-^ells  as  links  between  cir- 
culation and  neurons.  670.  683. 
-fibers  aa  plasma-channels.  640,  643. 
-fibrils  of  the  brain  and  cord,  their 
capillary    supply.    683. 
Neuron,   circulation  of.  639,   663. 
direct  continuation  of  circulation  by 

some  of  its  dendrites,  663. 
functions  of  gcAmmnles,  677. 
histology  of.    618. 

lecithin,   the  functional  ground-sub- 
stance of.  667. 
lymph -channels   of,    688. 
physiological   chemistry  of,   518,   652. 
physiology  of,  519. 
transmission   of   vibrations   between, 

579.   581. 
Tsrlcosity  of,   in   fatigue  and   sleep, 
522. 
Neutrophlle  leucocytes,  653. 

in  assimilation,  654. 
Newborn,  goiter  in  the.  272. 
Non-toxic   hypothyroid  goiter,   simple. 

248. 
Numbness  In  cachectic  stage  of  acro- 
megaly. 514. 
Nutrition,    leucocytes   in,    633. 

Obesity,    testicular   extract   in.    782. 

thyroid   extract  in.   710.   724. 
Obstetrics,  pituitary  extract  in,  768. 
Old    age.    functional    hypoadrenla    of, 
88. 
prophylaxis  and  treatment  of,  96. 


OOphorsctoBiy,  eorpm  Intoom 

aftsr,  77f . 
Opoecrebiin  in  ^il^My«  T88. 
Opsonins 


Wright's,     fhyroparmthyrold 
tkm  as,  183. 
OpUe  atrophy  in  aeromscaly,  515. 
Orehltle  organotherapy,  TtL 
Organ  of  Zucksrkandl,  63. 
Organic  fmietlons.  levooeyte  In  its 
latioa  to,  833. 

preparatlens,    fondamental    principle 
of  the  actkML  of,  liO. 
Organotherapy,  adrenal,  780. 

brain  nbstanee,  788. 

corpus  luteum,  779. 

hormone,  789. 

Internal  secretions  and,  TOO. 

kidneya,  783. 

mannnary  gland.  786. 

nenre  substance,  788. 

orchitic.  781. 

ovarian.  778. 

parathyroid,  789. 

pineal  gland,  789. 

pituitary,  786. 

testicular,  78L 

thymus.  786. 

thyroid,  708. 
Osteomalacia,  thyroid  extract  in,   710. 
Osteomyelitis,  thyroid  extract  in,  710. 
Ovarian   extract,   703,    778. 
Ovaries,   adrenal  secretion  In.   478. 
Oxidation,  thyroparathyroid  apparatus 

in,   143. 
Oxidising   substance,   action  on   heart 
muscle  of,    433. 

Pachydermia,    cretinoid.    197. 
Pachymeningitis    as    a    symptom    of 

acromegaly.  616. 
Pancreas,    internal    secretion    of.    362. 
420. 
functional    mechanism    of,    381.    385. 

420. 
relationship  between  the  spleen  and. 

367. 
general  function  of,  359. 
in  the  formation  of  glycogen,  356. 
Pars&sthesia,    the    posterior    pituitary 

body  and,  613,  514. 
Paralysis  agitans,  parathyroid  extract 
in.  747. 
testicular  extract  in,  783. 
Parathyrofd  extract,  739. 
tetany,  741. 
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FanUhyroide,  dual  function  theoir  of 
the^   147. 
effects  of  the  Internal   aecretlon  of 

the,   149. 
functions   of    the,    prerallinff   Tiewa 

as  to  the,   14S. 
remoral  of,  140. 
Parry's  disease,  114. 
Phagocytosis,   how  opsonins  enhance. 


Phlorldsin  and  glyooeuria,  86S. 
Phosphorus    as    actiTO    principle    of 
lecithin.   5S3. 
as  actire  principle  of  myelin,   64S. 
cellular,    thyroparathyrold    secretion 
as   an   oxidation  actirator  on, 

nenrous  energy  and,  538,  6SI,  643. 
posterior  pituitary  hody  and,  683. 
proportion  of,  in  nuelein,  631. 
Pierre  Marie's  disease,  607. 
Pineal  gland,   7SI. 
extract,  7SI. 

In  hackward  children,  789. 
Pttuitary-adrenal     nerre,      goremlng 

center  of  the  adrenals,  71. 
Pituitary  and  glycosuria,  78. 
bodies    as   co-centers   In    sustaining 
Tital    processes,    488,   691. 
phylogeny  of,  491. 
body  as  the  seat  of  the  Immunising 

center,  884. 
body  as  the  seat  of  thyroparathyrold 
center,  188. 
in  mental  deOcleney,  177. 
posterior,  as  an  aggregate  of  neu- 
rons, 698. 
as  central  sensortum,  698. 
as  general  center  of  nenrous  sys- 
tem, 488,  611,  69L 
as  somatic  center  of  the  nenroua 
system,  691. 
histology  of,  493,  680. 
physiology  of,  488,  69L 
extract,  794,  716. 
Pitultrin,  787. 

Pneumonia,  pltultnry  extraei  in,  770. 
Poisons,    degeneratlTe   effects   of,    on 
adrenals,  81 
In  large  dsass  as  tehlMtors  of  ad- 
renal functlooa.  It. 
Polydipsia  In  acromegaly,  iliw 
Polyuria    and    adrenal    InsvAekBcy, 

611. 
Post-operatlTe      Intestinal      paralysla, 

hormone  therapy  In,  798. 
Progressire   hypoadrenia,   chronte,  87. 
(See  AMtoon't  di^mm.} 


Progressire  hypothsrroldia,   186.     (See 

JfyMNiemo.) 
Prurigo,   thyroid  extract  In,  734. 
Pruritus  TulTS  of  menopause,  corpus 

luteum   extract  In,  779. 
Pseudo-Orares's  disease.  111. 
Psoriasis,  testicular  extract  In,  781 

thyroid  extract  In,  734,  736. 
Puerperal  intoxication,  kidney  extract 

in,  784. 
Pulmonary    system,     Innerration    of, 

464. 

Rachitis,     (See  JMcfcsts.) 
Removal  of  thei  parathyroids,  148^ 

of  the  thyroid,  144. 
Renal  extract,   703,   TBI. 
Respiration,    nenro-Tascular    mechan- 
ism and,  464. 

physiology  of,  463,   464. 

pulmonary,  adrenal  secretion  in,  80. 
Respiratory  center.  Identity  of,  464. 

disorders,  adrenal  extract  in,  781. 

functions,  adrenal  secretion  and,  463. 

system,  Innerration  of,  464. 
Rheumatic  arthritis,  pituitary  extract 
In,  776. 

pains  In  acromegaly,  611,  616. 
Rheumatism,   spermin  in,   781. 

chronic,  thyroid  extract  In,  710,  719. 
Rickets  and  adrenal  insufficiency,  615. 

fatal,  106. 

pituitary  extract  In,  776. 

thymus  extract  in,  787. 

thyroid  extract  in,  710. 
Rosacea,     hypertrophic,     thyroid     ex- 
tract in,  736. 

Sarcoma  of  the  adrenals,   137. 
Scleroderma,    thyroid   extract  in,    736. 
SeborrhoBa,   thyroid   extract  in,'  736. 
Secretin.  790. 

Sensorium  commune,   698. 
Septicsmia,   surgical,   adrenal  extract 
in,  764. 
thyroid  gland  in,  738. 
Shock,  adrenal  extract  in,  764,  764. 

pituitary  extract  In,  768. 

remoral  of  adrenals  and,  3. 
Skin  diseases,  thyroid  extract  in,  784. 
Sleep  and  cerebral  ischemia,  626. 

retraction    of    the    neuron-gemmulea 
during,   577,   578. 
Spermin,   473,  702.  782. 
Spleen  as  a  leucocytogenic  center.  333, 


enlargement  of,  in  malarial   fevers. 
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9plMB.  hiBctloiiA]  flMehABtem,  SK,  m. 
t«a«nd  fuactloii  of;  Si. 
latmiAl  — LfBtion  of,   MS,   420. 
poot-praadUI    enUrscm«at    oC,    and 

adrraal  oreractiTity,  tSL 
ralatloaahlp    between    the    panereaa 
and.  3C7. 
9plenic  rein,  llTcr  and  the,  SS2. 

path    for    spleno-pancreatic    aeere* 
tlon.  317. 
Bpleoo-pancreatle    Internal    aecrettona, 

action    of,    on    albnmlnold    polaon^ 

•Q^f      ^^P^lj      ^BWP» 

Sporadic  cretinism,  lf7. 

Status    hjpoparathyreoprlTns,    741. 

parathTreoprlTns,   741. 
Startllty,"  corpus    luteum    extract    In, 

7m. 
Btlsmata  of  deficient  adrenal  actlvltT 
in   Idiocy.    30O. 
of   deficient  adrenal   cortex   actirity 

iof  Idiocy.   30O. 
of  deficient  thymus  actirity.   288. 
of     deficient     thyroid     actirity     in 

idiocy,   178. 
of  escesaiTe  adrenal  cortex  actirity 
In  Idiocy,  301. 
Struma,  243.     (See  Oo<l«r.) 

KeUtinosum,  2I0l 
StrumitU,  274. 
prognosis  of,   27S. 
symptoms  of,  274. 
treatment  of,  275. 
Strychnine  polsonlns.  hraln  substance 

in.  788. 
Stunted  growth,  pituitary  in,  773. 
Submersion,    adrenal    extract  In,   764. 
Subsidiary  adrenal  and  interrenal  tis- 
sues, 51,  53. 
Suprarenal.    (See  Adrenal.) 

apoplexy,  6. 
Surgical  diseases,  adrenal  extract  in, 
752. 
disorders,   thyroid   extract  in,  737. 
heart-failure,     adrenal     extract     in, 

756,  7S4. 
septlcsmia,   adrenal   extract  in,  764. 
Sweating    and    adrenal     insufflciency, 

515. 
S]rphilis,  spennln  In,  782. 

thyroid  extract  In,  711. 
Syringomyelia  and  acromegaly,  514. 

Tabes,   testicular  extract  in,  782. 
Tachycardia,  pituitary  extract  in,  768. 
Temp«*ature,    action    of,    adrenal    se- 
cretion on,  66. 


of.  UO. 
patholoty  oC,  Ul. 
symptomatology  of.   UA. 
treatment  of.  112. 
TesUclea,  adrenal  aecretkm  In,  47L 
Testicular  extract,  702,  18L 

organotherapy.  70S,  780,  tSS. 
Tetania  parathyreoprlTa,  741. 
Tetanua,  brain  substance  In,  788. 
Tetany,   bypoparathyrold,  741. 

thyroid  extract  In,  710. 
Thymua,    deOclent    actlTity,    stlgnaata 
of,  288. 
enlarged,   aa  eompllcating  fketor  of 

exophthalmic   goiter,   S88. 
extract,  786. 
functions  of  the,  280. 
In  mental  deficiency,  277. 
stigmata  of  deficient  actirity  of,  288. 
Thyroid    actirity,    deficient,    stigmata 
of,  288. 
apparatus  in  mental  deficiency,  278. 
diseases  of,  thymus  extract  in,  786. 
dual  function  theory  of  the,  147. 
effects  of  Internal  secretion  of,  148. 
extract,  706. 
functions   of   the,    prerailing   riewa 

as  to  the,  143. 
hypenemta,  206. 
diagnosis  of,  200. 
symptomatologyi  of.  207. 
treatment  of.   200. 
in  mental  deficiency,  277> 
remoral  of,    144. 

stigmata    of     deficient    actirity     in 
idiocy,  278. 
Tbyroidism,  212.    (See  Byperthifroidia.) 
ThyroidiUs,  206. 

chronic,   209. 
Thyroparathyrold    apparatus,    diseases 
of  the,  174,  212. 
disorders  due  to  deficient  activity 

of  the,  174. 
disorders  due  to  excessive  activity 

of  the,  212. 
In  general  oxidation  and  immunity. 

143. 
in  Immunity,  623. 
center,    pituitary   body   as   the   beat 

of,   168. 
problem,    150. 

secretion    as    activator    of    cellular 
phosphorus.   152. 
as  Wright's  opsonin,  163. 
Tic.  cephalopin  in.  788. 
Tonsillitis,   infectious,   thyroid   extract 
in,  711. 
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ToxflBmla,  tdrenal  extract  in,  756,  764. 
Toxic   albuminoids,    reduction  of,   868, 
402.  420. 
goiter,    258. 
Toxica    which    produce    congestion    of 

the  adrenals,  23. 
Toxins,     conversion    of,     into    benign 
producU,   869,    392,    402,   420. 
degenerative  effecti^  of,  on  adrenals, 

34. 
in  large  doses  as  inhibitors  of  adre- 
nal functions,  19. 
Trypsin   as    the  spleno-pancreatic    so* 

creUon,   392,   406,   420. 
Tuberculosis  of  the  adrenals,   8. 
of  bones,  thyroid  extract  in,  737. 
pituitary  extract  in,  770. 
thyroid   extract  in,   7U,   737. 
Tympanic  glands,  52. 
Typhoid    fever,    pituitary    extract    in, 
T70. 
spermine  in,  782. 
thyroid  extract  in,  TIL 


Urea  and  iU  formation,  342,  346,  860. 
Uterine  fibroids,  mammary  gland  ex- 
tract in,  786. 
haemorrhage,  mammary  gland  extract 

in,  786. 
involution,   mammary  gland   extract 
in,  786. 

Vaccines,   696. 

Vagal  system  in  cardiac  functions,  421. 

Vaporole,   767. 

Vasomotor     Impul^,     the     posterior 

pituitary  as  the  sourse  of,  697* 

698. 
Venoms  as  inhibitors  of  adrenals,  19. 
Vital  process,  the  pituitary  bodies  and, 

483«  691. 
Volvulus,   hormone  therapy  in,  790. 
Vomiting  of  pregnancy,  corpus  luteum 

extract  in,  780. 

Wright's  opsonin,  thyroparathyroid  se- 
cretion as.   163. 

Zuckerkandl,  organ  of,  68. 


I 


'•  M.  I 


J151  SaJous.C.E.de  M.«0552 
S15   The  internal  secretions 


NAME 


19?1 


S.ed. 


I  DATE  DUE 

r'rr  *  f.\  V-V^:* 


•••*•-••■  ■  .->  . . 


Mrir-t.-7 


4^  7^^^ie:z^M'^^"'^ 

« *.  ..-.-....■■V  -/  .     f  . .LA- . J— *t>ji- I 


•v* 


/ 


